Distribution of uranium ore deposits is studied in laboratory by simulating Colorado Plateau, with “rain” falling on “mountains” in 
rear, right. Wheel is used to study effect of water flowing in stream on size and sphericity of heavy ore particles (see p. 59) 
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The most versatile 
test data recorder 


you've ever seen! 





Check these features: 


SPAN: 
adjustable from 1 to 50 milli- 
volts. Arbitrary dial markings, 
readily converted to millivolt 


range by means of calibration E TEA Hl THe HI itt 
supplied with recorder. 10 20 30 40 50 60 70 B0 90 100 


ZERO SUPPRESSION: 
coarse and fine dials permit 
movement of zero by + 100% of 
max. span. 


DAMPING: 
adjustable to obtain optimum 
balancing action for almost any 
span or source impedance 


SENSITIVITY: 
automatically adjusts measur- 
ing circuit response as span is 
changed. 
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SPEED: 
full scale pen travel as fast as 
one second. 


WIDE CHART: 
11-inch calibrated width gives 
high resolution. 


STANDARDIZING: 
manual. 





I you need to record results of a variety of tests, this new ElectroniK 
instrument is just what you’ve been looking for. A simple turn of its 
dials converts it to practically any range your tests require. 
Especially useful with strain gauges, accelerometers, tachometers, 
differential thermocouples—or any other voltage-producing transducer 
—it is like having a hundred instruments in one. You can vary its full 
scale span over a wide range, to spread out test curves in exceptionally 
readable form. You can move its zero point up and down at will, until 
the portion of the test curve in which you’re most interested is spread 
across the recorder chart. And you can change its sensitivity and damp- 
ing to give the recording characteristics that best fit your test. Span 
and zero adjustments are completely independent. 
Our local engineering representative will be glad to discuss how this 
new instrument can bring new convenience to your test work. Call him 
@ REFERENCE DATA: today . . . he is as near as your phone. 
Write for Data Sheet No. 10.0-10 ‘‘Adjustable 


Span Electronik Recorder.” MINNEAPOLIS-HONEYWELL REGULATOR Co., Industrial Division, 4571 


Wayne Ave., Philadelphia 44, Pa. 


Honeywell 


Fouts nn Covittol. 
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TO INDICATE aircraft position with 
no ground-to-air communication 


Combat mission .. . or freight flight . . . now we are working 
to help the pilot locate his position without a radio beacon 
merely by equipment right in the cockpit of his plane! 


Thanks to 


ment and manufacture... another step is being taken toward 


i Ford Instrument Company design, develop- 


greater flying safety. 


This is typical of the problems that Ford has been given 


™~ 
You can see why a job with Ford Instrument offers young @ 


engineers a challenge. If you can qualify, there may be 
a spot for you in automatic control development at Ford. 
Write for brochure about products or job opportunities. 
State your preference. 
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by the Armed Forces since 1915. For from the vast engineer 
ing and production facilities of the Ford Instrument Com 
pany, come the mechanical, hydraulic, electro-mechanical 
magnetic and electronic instruments that bring us our “to 
morrows” today. Control problems of both Industry and the 


Military are Ford specialties. 


FORD INSTRUMENT COMPANY 


DIVISION OF THE SPERRY CORPORATION 
31-10 Thomson Avenue, Long Island City 1, N. Y. 
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Stokes Microvac Pumps... 
hasic to Vacuum Processing 


High volumetric and mechanical efficiency makes these 
famous pumps economical and reliable units in any vacuum system. 


Capacities of Stokes Microvac Pumps run from 15 to 

500 cfm... pressures to 10 microns absolute. Power 
consumption is low and the top-mounted motor contributes 
to compact design requiring minimum floor space. 


Lubrication of the four moving parts (including the exhaust valve of 
corrosion-resistant Teflon) is fully automatic. 
There are no stuffing-boxes or grease-fittings, and no packing. 


Parts are precision-finished, standard and interchangeable. 
Freedom from wear assures years of trouble-proof service. 

Stokes is the only manufacturer of equipment for complete vacuum 
systems, including Microvac mechanical pumps, oil diffusion 
pumps, McLeod Gages and Vacuum Valves. 

Consult with Stokes on the application of high vacuum to vacuum 
melting, casting, sintering, heat-treating, and de-gassing; 

to vacuum metallizing, gaseous diffusion, emission equipment 

and to other purposes for which vacuum deserves study. 


F. J. SrokEs MACHINE COMPANY, PHILADELPHIA 20, Pa. 
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New high-brilliance fluo- 
rescent spot. You ‘‘see"’ 
more—even in work with 


high-speed phenomena 


New flat-face, for easier, more ac- 
curate hand-tracing of waveforms 


Higher sensitivity for ver- 
tical deflection. ideal for 
wide-band amplifier work 








-for modern Oscillography! 


3 new RCA 5" oscillograph tubes feature very high 
sensitivity and fine trace detail 


You are looking at three new RCA 
tubes designed specifically for work 
with wide-band amplifiers. ¢ High ver- 
tical-deflection sensitivity offsets the 
inherently low-signal output of such 
amplifiers. @ Low-capacitance vertical- 
deflection electrodes offer the type of 
load into which wide-band amplifiers 
work best. ® High horizontal-deflection 
sensitivity, plus full-screen scan.@ New 
high-brilliance pin-point spot produces 


finer trace detail. e And note this: The 
flat faceplate makes it easier to “hand- 
trace” waveforms ACCURATELY! 
RCA-5ABP1 (medium -persistence) 
is ideal for wide-band vertical amplifier 
measurements—and for general oscillo- 
graphic work requiring high-intensity 
tracing. RCA-5ABP7 (long-persistence) 
is suited to applications where No. 1 
grid is pulse-modulated at low fre- 
quency—as in radar indicator services. 


RCA-5ABP11 (short-persistence) is es- 
pecially designed for photographic re- 
cording without blurring. 

For improved oscillograph tube per- 
formance, consider the advantages of the 
5AB-types. These tubes generally can be 
substituted for the corresponding 5C-type 
For technical data write RCA Commercial 
Engineering, Dept. 62-GR, Harrison, N. J. 
Or write your nearest Field Office: 

(East) Humboldt 5-3900, 415 S. 5th St., 
Harrison, N. J. 

(Midwest) Whitehall 4-2900, 589 E. Illinois St., 
Chicago, Il. 

(West) Madison 9-3671, 420 S. San Pedro St., 
Los Angeles, Cal. 
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Sample tested for gamma radiation is placed in counter. Instrument also detects alpha, beta, and thermal neutron radiations. 


Radioactivity studies aided by Scintillation Counter 


G-E instrument measures effects of radiation on red blood cells 


‘‘A very valuable research tool,”’ is the way Dr. T. R. 
Noonan, associate professor of Radiation Biology at 
the University of Rochester, evaluates General Elec 
tric’s Scintillation Counter. 

In studying the effects of radiation on the incor 
poration of iron in the hemoglobin of red blood cells, 
Dr. Noonan injects a solution of iron into animals 
which have been subjected to mild radiation and a 
control group not subjected to radiation. After 72 
hours, blood is withdrawn and hemoglobin prepared. 
Radioactivity of the blood is then easily determined 
by counting gamma rays with the scintillation counter. 
Data are thus easily determined on the incorporation 
of. iron into the blood stream of experimental and 
control groups. Radiation is determined in fractions 
of a micro-curie. 


G-E Scintillation Counter may be used for many 
other industrial and laboratory studies. Disintegration 
rate of any sample which will fit into the two-inch 
chamber may be measured. Use of interchangeable 
phosphors permits detection of alpha, beta, gamma, 
and thermal neutron radiations. 


Further information about the Scintillation Counter 
or other G-E Radiation Instruments may be obtained 
from your nearest G-E Apparatus Sales Office. Or 
write for Bulletin GEA-5735 to General Electric Co., 
Section 687-123, Schenectady 5, N. Y. 
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Disintegration rate may be read on any standard scaler. 
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Jerome D. Luntz, Editor 


An Important Milestone 


— DING WAS VERIFIED experimentally for 
the first time last month. This is a scien- 
tific accomplishment whose effects will one day be 
felt around the world. It doesn’t by any means 
imply that economic nuclear power is just around 
the corner. Rather it is material evidence of the 
great’ potential for technical advance in this 
country that will bring us closer to this goal. 

The formulation of the principle of breeding 

producing more fissionable material than is 

consumed in a reactor) was the natural outcome 
of the discovery that more neutrons are produced 
in the fission process than are needed to sustain a 
chain reaction. The trick then was to use these 
excess neutrons as efficiently as possible to 
convert fertile materials, such as U-238 and 
Th-232, into fissionable isotopes. 

The reactor neutron economy is a very strict 
one with the margin of neutrons available for 
breeding quite small. Because the expectations 
for breeding gain in thermal reactors were more 
modest than in fast reactors, Argonne National 
Laboratory went to the use of fast neutrons in its 
breeder reactor (E BR). 
sary and demands on the materials are less 


No moderator is neces- 


stringent. 

It was in this reactor that the breeding princi- 
ple was confirmed. It is an experimental reactor, 
a scientific tool, one designed primarily to make 
measurements. 

Although it token 
electricity, EBR is not a power reactor. It was 


produced amounts of 


built solely to test the theory. In fact, according 
to W 


experimental devices may be necessary before we 


H. Zinn, director of Argonne, ‘more such 


are on sure ground as to the fundamental feasi- 
bility of the process.” 

Many headaches lie ahead in translating the 
breeding principle into the framework of a large- 
scale power reactor. The Dow-Detroit team of 
more than 200 men is trying to do just this. 

The differences between breeding in EBR and 


breeding in a large reactor are considerable 


differences in physical configuration, power 


density, operating temperatures, ete. These are 


engineering problems that must be resolved, 
partly on paper, more importantly in actual 
plants. 

High on the list of problems is the development 
of a low-cost chemical processing system. There 
is the need for frequent, efficient recovery of 
fissionable material. In fact the efficiency of the 
chemical system can be the determining factor in 
whether or not you are breeding in a practical 
sense. Unless this problem can be resolved suc- 
cessfully, low-cost fuel would be a figment of the 
imagination ‘and the breeder would have diffi- 
culty competing with the simple regenerative 
converter, 


He success oF EBR will give a tremendous 
Fisschauaaient boost to nuclear engineers 
working on power breeders, the same kind of 
boost that any engineer gets from the knowledge 
that his goal is possible of achievement 

But of even greater significance is the meaning 
that breeding holds for world supplies of fission- 
able materials. ‘Total economically recoverable 
conventional energy resources are said to be 
80 x 10'° BTU. Without breeding, the energy 
reserve in U-235 is 12 XK 10" BTU. But with 
breeding, complete use of the world’s reserves of 
25 million tons of uranium and | million tons 
of thorium would yield almost 1,800 K 10° BTU, 
This would provide the basis for a very substan- 
tial nuclear power economy. 

But there is no need to wait for power breeders 
for the development of a nuclear power industry. 
This is the long-term goal. Meanwhile, we have 
an energy reserve in U-235 that is many times 
that in the world’s oil reserves. Yet, as pointed 
out in the May Nucieontics by Karl Cohen, the 
industries based on the use of oil are very 


substantial. 





Flux Depression and 
Self-Protection in the 
Production of Radiocobalt 


For reactor production of large, high-specific-activity sources, calculations 


to correct for self-protection and flux depression are difficult. 


This article 


describes an experimental evaluation of the effects for cobalt sources 


By J. S. LEVIN and D. J. HUGHES 
Brookhaven National Laboratory 


Upton, New York 


For MANY applications, it is desirable 
to use radioisotopes that have both 
high total activity and high specific 
activity. For those few activities pro- 
duced by (n,p) and (n,a) reactions, 
such as P*? and C'™, the pure (carrier- 
free) radioisotope can be produced by 
chemical separation from the target. 

The great majority of radioisotopes 
are produced by neutron capture, how- 
ever, and for these the attainable 
activity is given directly by the maxi- 
mum available neutron flux, and the 
total activity is given by the amount of 
material that can be irradiated in that 
flux. 

For a material of high capture cross 
section, of which cobalt, 34.8 
barns (1),* is an outstanding example, 
the effort to 


specific-activity sources may cause a 


with 


produce large, high- 

serious decrease in activity, however. 

A thick sample will absorb enough 

neutrons so that the nuclei in the 
’ ° . . 

center, of the foil will be in a lower flux 


than those at the surface; this self- 


* About 40% of the captures lead to the 
10.7-min isomeric state of Co, but 99.7 % 
of the Co* isomer decays into the 5.3-yr 
Co® ground state. 


can be calculated 


effect 
reasonably well for cobalt, for which 


protection 


the absorption is larger than scattering. 
An accurate calculation, however, is 
difficult because the angular distribu- 
tion of the incident neutrons, which is 
not simple near a strong absorber, 
must be taken into account. 

In addition to the self-protection 
effect, the effective flux will be reduced 
further for a strong absorber when, as 
is usually true, it is irradiated in a 
diffusing medium. This flux depres- 
sion results from the net flow of neu- 
trons into the absorber, a flow which 
necessarily implies a flux gradient near 
the absorber. 

The depressed flux is calculated from 
diffusion theory by inclusion of a nega- 
tive source, of strength given by the 
number of neutrons absorbed by the 
sample per unit time. The calculation 
can be carried out by elementary 
diffusion theory only if the sample is a 
thin spherical shell. 

The plane-foil case has been evalu- 
ated by Bothe (2) and checked experi- 
mentally by Klema and Ritchie (3). 
The results for these geometrically 
simple cases show that the flux depres- 
sion can easily be larger than self- 
protection; this emphasizes the neces- 
sity of experimental determination for 
actual samples, for which calculations 
are impractical. 


Because of the difficulty of calcula- 
tion and the evident lack of agreement 
between calculated and observed ac- 
tivity of radiocobalt sources (4), it was 
decided to measure the self-protection 
actual 
The first to be inves- 


and flux depression for two 
cobalt sources. 
tigated was a solid cylinder, 3 cm long 
and 0.75 em in diameter, which was to 
This 


cylinder is to be used in a teletherapy 


be irradiated inside beryllium. 


unit at the University of Chicago. 
The second sample was one of the 
cobalt cylinders routinely used at 
Brookhaven for production of * kilo- 
sources. It a cylindrical 
shell 1244 in. 


diameter of 


curie”’ was 
cobalt long, 
outside 1.045 in. 
0.125-in. wall thickness, clad inside and 
out with 0.045 in. of 25 aluminum. 
The neutron flux distribution in and 


with an 


and 4 


near the cobalt samples was measured 
by irradiation of thin (so as to produce 
no flux distortion) copper foils. Cop- 
per was chosen because it has a con- 
venient half-life (4.3 min) and also has 
a ratio of resonance activation to 
thermal cross section similar to that of 
cobalt (5). This latter property en- 
sures that no 
introduced by resonance activation of 


relative error will be 
the cobalt o1 copper. 

The cylinders were placed at appro- 
priate positions in the lattice or thermal 
the Brookhaven 
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column of pile for 


























z (cm) 


FIG. 1. 


one end of cylinder 


irradiation of the copper foils, and the 
foils were counted after irradiation on 
end-window G-M counters. 


Small Source 


In the study of the small solid 
cylinder, a of the source was 
machined in the form of three pellets, 
each 0.75 cm in diameter and 1.00 em 
Circular depressions, 0.050 in. 


copy 


long. 
in diameter and 0.005 in. deep, were 
machined in various places on the flat 
faces of the pellets. These depressions 
were used to hold the copper foils used 
to make the flux measurements. Foils 
placed on the exterior curved surfaces 
were held in place with Scotch tape. 
The copper foils were 1 mm? in area 
and weighed between 410 and 430 yg; 
weight 
necessary. 


corrections for variation in 
made wherever 
Chemical purity of the foils was not 


important because of the method used 


were 


in evaluating the data. 

The irradiation of the cobalt cylinder 
containing the copper foils was carried 
out in a Lucite box, containing blocks 
of beryllium arranged to form a cube 
6 in. on an edge. To carry out an 
irradiation, several copper foils were 
placed in depressions in the pieces of 
cobalt or else taped on their surfaces, 
the pieces of cobalt taped together to 
form a cylinder the size of the cobalt 
source, and this assembly placed in a 
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Neutron flux distribution in small Co cylinder. 
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Flux taken as unity at center of 


cavity at the center of the beryllium 
cube. 

The Lucite box was then placed on 
the bottom of a 12 X 12 X 12-in. 
cavity in the thermal column on the 
top of the Brookhaven reactor. This 
cavity has at least 2 ft of graphite on 
all sides, and, therefore, the flux in 
this region is fairly isotropic. The 
thermal flux is of the order of 6 & 105 
n/cem?/sec. 

The box left in the thermal 
column for 6 min, then removed and 
the foils counted. Another foil, which 
had been located on the outside of the 
Lucite box, far from the cobalt, was 
counted continuously on one counter 
to obtain a decay curve. The counting 
rates were of the order of 1,000 to 
3,000 cpm about 3 min after the end 
of the irradiation; statistical errors in 
counting were therefore of the order 
of 3%. 

The counting rate of each foil in a 


was 


set was corrected for decay using the 
decay curve of the monitor foil run 
with that set. 
rate was then determined for each foil, 


An average counting 


and ratios were taken to determine the 
flux distribution. 
flux at the center of one end of the 
as unity, one foil 


In every case the 


cobalt was taken 
being irradiated in this position in each 
run. 

Curves giving the flux distribution 


are shown in Fig. 1. The curves 
involve a large amount of interpolation 

Integration of the flux curves of Fig. 1 
over the volume of source gives a value 
of 0.77 for the ratio of the average flux 
in the cylinder to the flux at the center 
of one end (x = 0.375, z = 0). 

To determine the flux depression 
caused by the presence of the cobalt, a 
run was made in which the cobalt was 
replaced by a 2S aluminum cylinder 
of the same dimensions. Using the 
monitor foil to normalize to a run with 
cobalt, it was determined that the flux 
(at 2 = 0.375, cobalt 


z=0) with 


present is only 0.58 as great as the flux 


with no cobalt. 

The net effect of the self-protection 
and flux depression is that the activity 
of the cobalt would be only 0.58 & 
0.77 = 0.45 of the activity caleulated 
on the basis of a uniform, undepressed 
neutron flux. It is estimated that an 
error of about 6% is associated with 
the above number. 


Large Source 

For the work with the large ecylin- 
drical cobalt shells, the foils used were 
again copper, about 44-in. diameter 
and weighing about 12 mg 
run, the foils were selected so that the 


In each 


variation in their weight 


The foils were held 


maximum 
was less than 3%. 
in place on the cobalt source and 
aluminum dummy by Scotch tape. 

The irradiations carried 
with the reactor maintained 
constant at the desired level (of the 
order of a_ kilowatt). The cobalt 
source or the aluminum dummy, with 


were out 


power 


foils in place, was inserted into the 
desired position in the reactor* and 
allowed to remain there for about 
6 min. The source was then removed 
and the foils counted. 

The reactor power 


held aS 
constant as possible throughout the 


level 


entire operation, was monitored by a 
BF; proportional counter located at an 
experimental hole far from the point of 
The counting rate in this 
the 


irradiation. 


monitor was used to normalize 
several runs in a set. 


After the 


counted on end-window G-M counters, 


irradiation, foils were 
and the decay was followed for at least 
half-lives of the short-lived 


Counting rates were always 


three 
activity. 
greater than 3,000 cpm, 5 


min alter 


* Several positions were actually used in 
the pile lattice and the reflector. 
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the end of the irradiation; thus sta- 
tistical errors in counting were of the 
order of 2% or less. Where necessary, 
counting 


G-M 


corrections were made for 


losses due to dead time in the 
counters, 
The decay curve for each foil was 
plotted, and the data used only if the 
decay constant appeared to be cor- 
rect.* In data 


discarded because the foils showed con- 


several cases were 


tamination by long-lived activities 
picked up by contact with the experi- 
The 


tained from each run was the relative 


mental hole. information ob- 


During the irradiation, all the 
nearby fuel channels were loaded, and, 
in addition, several pounds of iron and 
copper were being irradiated at the 
extreme inner end of the hole, about 
| ft from the source. 

The first run in this set was a check 
of the symmetry of the neutron flux 
around the experimental hole. Four 
foils were placed at equal intervals 
around the circumference of the cobalt 


Within 


experimental error, all four foils showed 


source 6!¢ In. from its end. 


the same activity. In all later runs, 


the cylinders were placed in the hole 
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FIG. 2. Neutron flux distribution in large Co source as function of distance along cylinder 


and radial distance in cylindrical shell 


flux at various 


the source and dummy 


neutron positions on 

Because of the large size of the source 
and the, more complicated geometry 
inside the lattice relative to the thermal 
column, it was necessary to carry out 
Although 


some of the measurements could have 


several sets of experiments 


been avoided, they seem worthy of 
brief description. 

Measurements in the lattice. This 
group of experiments was carried out 
at a reactor power of 400 watts In a 
3-in. diameter channel in the graphite, 
lined with an aluminum tube of 2%¢-in. 
The channel runs 


inside diameter. 


parallel to the loading channels and is 


S-in, 
The 


dummy was placed in the hole 


centered in the 8 square 


formed by them. source 01 


with its 


inside end positioned 18 in. from the 


gap at the center of the reactor. 

* The actual 
copper foils was 5.4 min 
the sizable amount of 12.8-hr 
ity present. However, 
appeared experimentally to be a 
exponential for at least the first 10 min of 
counting, no attempt was made to separate 
these two pericda. 


10 


half-life observed for the 
his is due to 
Cu 


since the 


activ 
dex ay 


single 


with the foils on the surface; 


however, no effort was made to do this 


upper 


with any great degree of accuracy. 
The second run was a determination 
of the flux distribution in the cobalt 
cylinder. Six foils were used; three 
on the outside surface of the cylinder, 
the other three 
These foils 
each end, and 61¢ in. from the ends. 
The 


shown in Fig. 2, with flux at the out- 


on the inside surface. 
were located 14 in. from 


measured flux distribution is 
side of the eylinder, 14 in. from the 
taken as The 


mental points represent intensities on 


ends, unity. experl- 
the inside and outside surfaces of the 
shell at 


length of the cylinder. 


various positions along the 
The results of 
the experiments on the small cobalt 
source were used as a guide in drawing 
the curves through the experimental 
The 1.00 in. 


was interpolated assuming an expo- 


points. curve for R 


nential decrease of the neutron flux 
through the walls of the cylinder (see 
appendix); however, this assumption 
did not 


results. 


have much influence on the 


Numerical integration of the fluy of 


Fig. 2 throughout the volume of the 
cylindrical shell gives an average flux 
of 0.64 relative to the flux on the out- 
side of the cylinder, ‘4 in. from the end. 
It is that this 
good to at least 10% In the integra- 
that, in the 
the 
spatial neutron flux distribution was 
flat at the 
sumption was justified by the fact that 
the foils at the two ends of the cylinder 


estimated number is 


assumed 


cobalt 


tion, it Was 


absence of the cylinder, 


same location. This as- 


showed the same activity, and, in 
addition, this assumption was verified 
experimentally in a later set of runs. 
Measurements in the reflector. 
rhis set was carried out in the reflector 
of the reactor, rather than inside the 
lattice itself, 


determine the flux depression caused 


The objective was to 


by the cobalt in a region where there 
were no other perturbing poisons. It 
that the 
absorbers near the sample in the posi- 


was felt presence of strong 
tion used for the measurements in the 
lattice might invalidate flux-depression 
measurements. 

The experiments were carried out at 
power of 6 kw in experi- 
W-14. In this 
the nearest poison was 21 in. from the 
cobalt 
made to carry the cobalt or dummy so 


a reactor 


mental hole location, 


Special graphite pieces were 


that they were completely surrounded 
by graphite. In addition, the rest of 
the experimental hole was kept filled 
with graphite. There was, therefore, 
no streaming of neutrons in the experi- 
mental channel. The graphite pieces 
also carried foils to measure the neu- 
tron flux far from the cobalt. 

The copper foils were placed on the 
top surface of the cobalt eylinder or 
dummy at the same axial positions as 
first set of The 
and 


in the experiments. 


results of a run with the cobalt 
one with the aluminum dummy are 
shown in Fig. 3, the Al dummy run 
giving the unmodified flux distribution 
in the reflector, and the Co run the 
depressed flux. This figure also shows 
the location of the foils and source in 
the reflector. 

The curves of Fig. 3 show that under 
the experimental conditions the flux 
at the ends of the cobalt is about 0.44 
of the flux without the cobalt present. 
10%. 


The experiment also showed that the 


This number is good to about 


neutron flux was not measurably per- 
turbed at distances greater than about 
14 in. 
In fact, the 


from the cobalt sample used. 


difference between the 
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dummy and the cobalt is about what 


be diffusion from a 


the cylinder of 


would ven by 


vl 
negative source at 
strength equal to the ecylinder’s 
absorption 

Measurements in lattice; absorbers 
This set of runs was carried 
the other 
but all 


elements 


removed. 
he le 
the lattice, 

than fuel 


out in the same as 


in 


measurements 
other 
d from this region of the 


absorbers 
were remoy 


o 
reactor. The experiment was de- 
determine the flux depression 
the cobalt source 
production location, 
flux flat. 


to the three foils placed 


signed to 
caused putting 
the 

where the 


In 


on 


} 


in tual 


unperturbed is 
addition 
the 


outer surface of the cobalt as 


foils were put on an 


before, four 
aluminum dummy that was irradiated 
at the same time as, and adjacent to, 
the cobalt. The results of this run are 
n Fig. 4 

\ second 
with 
ved that within experimental 
flux 


the 


shown 
run, using two aluminum 
dummies foils in the same posi- 
tions, sho 
was constant over this 
This result 


the assumption made earlier 


error the 


region ol reactor, 
justihed 
in calculating the average neutron flux 
in the cobalt source. From Fig. 4 it is 
the flux at 


is 0.51 of the undepressed flux, 


seen that one end of the 
cobalt 
within about about the same as 
the de} 
reflector 

The final conclusion is that for pro- 
duction in the lattice the activity of 
the ©) cobalt source used 
would be only 0.5 & 0.6 = 0.3 of the 
activity calculated on the basis of a 


flux. 


8%, 


ression observed in the reactor 


lindrieal 


uniform, undepressed neutron 
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Flux depression caused by large Co cylinder in reflector 


FIG. 4. 


The result carries a probable error of 
about 10%. The reduction in effective 
flux is the the 
reflector as it is inside the pile lattice. 

The results the 
cylinder and the large cylindrical shell 


also about same in 


for small solid 
show that serious reduction in source 


strength results from self-protection 


and flux depression The reduction is 
actually much higher than would be 
expected froma rough estimate based on 
cross section and mean free path length 
of the neutrons in the sample. It 
that higher. activity 
for a given source size (a factor of 3 
for the large cylinder) can be attained 


Is 


obvious much 


if the source is made up of smaller 


parts, which are assembled after a 


dispersed irradiation. 


APPENDIX 

In calculating the curve for R = 
1.00 in., the cylindrical shell is assumed 
to be equivalent to an infinite plate of 
thickness, ¢, equal to twice the wall 
thickness of the cylinder. A neutron 
flux, J, is to be 
inward along the normal on each side 
of the plate. At any depth, z, in the 


assumed directed 





Reactor Reprints 


Reprints of the special section “Selec- 
tion of Materials and Equipment for 
Reactors,” from the June issue, plus an 
up-to-date list of characteristics of all 
declassified reactors, may be had for 
$1 from 


Reprint Department NUCLEONICS 
330 West 42nd Street 
New York 36, N. Y. 





Flux depression caused by large Co cylinder i 
center of lattice 


plate, the flux is then given by the sum 
of the contributions from both sides as 


I(x) 


= [,(e** + e#-*)) 


where @ is an effective absorption 
coefficient that takes into account the 
fact that, in reality, neutrons incident 
on the cylinder come from all diree- 
tions, not just normal to the surface. 
Experimentally, determined 
from the ratio of the flux at ¢/2 to that 


at? = 0 


i was 


Using the experimental value for the 
ratio at a point 61¢ in. from the end of 
10 in." 


As was expected, this 


the cylinder, a value of @ 
was obtained. 
value was somewhat greater than the 

Apo /M . eS 
follow from the 
tion, assuming only normal incidence. 
IT, (the 
part of the flux) was calculated from 
this data. In the units of Fig. 1, it 
was found to be 0.7 at a point 64¢ in. 
Calecu- 


quantity which 


CTOSS S8@C- 


would 


Similarly, inwardly directed 


from the ends of the cylinder. 
lating the flux at this same axial posi- 
tion for R = 1.00 in. (2 = 0.045 in.), a 
value of /(0.045 in.) 0.53 
Using this calculated 


was ob- 


tained. point, 
the balance of the curve for R 1.00 


in. was drawn as a reasonable inter- 


polation between the other two curves. 
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Sampling and Measurement 
of Airborne Daughter 
Products 


of Radon 


Inhalation of radon daughter products can be more hazardous than inhalation of 


radon itself. 


A method is described for simple, rapid determination of radon 


and its daughters for concentrations as low as 5 X 10°"° curies/liter 


By JOHN H. HARLEY 


Health and Safety Division, New York Operations Office 


U.S. Atomic Energy Commission 


For MANY YEARS it has been known 
that the measurement of airborne long- 
lived alpha emitters must be carried 
out after the short-lived daughters of 
radon collected with the dust have 
decayed. 

Rough here 
indicated a the 
concentration of radon in the air and 
the activity of the short-lived radon 
daughter products. This 
that the daughter-product 


could be used as a measure of both the 


measurements made 


correlation between 


indicated 
activity 


radon concentration and the daughter 
products themselves. 

Both fields of investigation require 
a knowledge of the behavior of the 
daughters in 
techniques. This paper is the direct 
outgrowth of this need. It does not 


standard air-sampling 


New York, New York 


introduce a new method of sampling or 
analysis, but rather a method of inter- 
preting daughter-product activities in 
a dust sample. 

This process allows the determina- 
tion of radon in air by a simple, rapid 
method and, at the same time, fur- 
of the daughter- 
Both of these are 
of value in assessing exposure of work- 


nishes a measure 


pre duct act ivity ° 


ers handling Ra-bearing materials. 
The method offers many advantages 

for field work because of the speed with 

This 


is critical where studies of ventilation 


which results may be obtained. 


are being made, and where large num- 
bers of samples must be analyzed. 
The practical limit of detection for 
radon that this method affords is 
10~!* curies/liter. 


5 X 


This cémpares well 


10~-'4e /] limit of the best 


ionization 


with the 2 x 
chamber 
the 


measurements 


standard equip- 


ment. Furthermore, ionization 


chamber are slow be- 
cause of the time required for sample 
transportation, and the limited amount 
of suitable equipment available. 

The major defect of the method lies 
in its dependence on the existence of 
radioactive equilibrium at the time of 
that 


either high ventilation rates or high, 


measurement. It is possible 
rapidly settling atmospheric dust load- 
ings may very quickly reduce the con- 
centration of airborne daughter prod- 
ucts below equilibrium with radon. 
The probable maximum order of mag- 
nitude of this effect is a factor of 2. 
At any rate, the degree of nonequi- 
librium, and therefore the error, should 
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FIG. 1. 
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Build-up of Rn-daughter activity on filter paper 


i. Pb?'*(Ral 


1 


TABLE 1—Characteristics of Radon Daughter Series 


T's 
3.825 d 2.10 X 10“ 
79 X10 
31 X 10-* 


3.05 m 
26.8 m 
19.7 m 5.86 * 10 
5 X 10~* sec 62 < 10 


22 y 
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The Hazard of Exposure to Radon and Radon Daughters 


Workers engaged in the mining and processing of 
radium-bearing materials are exposed to dusts of the 
parent, to radon, and to the radon daughter products. 
Inhaled radioactive particulates may be retained in the 
Rela- 
minute deposits of radioactive substances, par- 
have been clearly shown to be 


lung or redistributed to other organs of the body. 
tively 
ticularly alpha emitters, 
the etiological factor in a variety of injuries to industrial 
and research workers (1). 

If the alpha emitters are redistributed from the lung, 
because they are heavy metals, tend to be 
deposited in the bone. Their toxicological action would 
be expected to follow that of radium. A great deal of 
information exists on radium poisoning because of the 
deaths of a large number of women employed in dial 
painting in the early 1920’s. Although the radium in- 
volved was probably ingested rather than inhaled, the 
mode of entrance is of slight importance compared with 
the final site and the amount deposited. At the present 
time, the accepted maximum permanent deposit of radium 
The tolerance amounts of 
many other alpha emitters have been set on the basis of the 
radium. An excellent review of the 
literature on radium poisoning up to 1945 has been made 


they will 


in the body is 0.1 wg (1, 2). 
experience with 


by Silberstein (3). 

If inhaled alpha emitters are not distributed to other 
organs of the body, they may affect the lung tissue. The 
high incidence of lung carcinoma in miners of the Schnee- 
berg and Joachimsthal regions in Germany and Czecho- 
slovakia has incriminated radon as a carcinogen, although 


there is some question that other materials, such as 
arsenic, may be involved. No measure of the uranium 
or radium exposures in these mines is available, but the 
average radon concentration reported (4, 4) was 3 & 10~° 
curies per liter of air. Consideration of this and other 
factors lead Evans and Goodman (6) to recommend 
1 X 10-'' ¢/las asafe level for radon and thoron contained 
in the air. 

The tolerance value for radon includes the effect of the 
daughters only by inference. Reviews of the literature 
prepared by Jackson (7) and Lorenz (8) discuss only the 
radon and not the daughter-product hazard. 
evaluation would require a knowledge of the amount 


A LO vl 


inhaled and the immediate and long-term retention by the 
lung of both the radon and the daughters. 

Two studies relating to the daughter-product hazard 
have been made. Bale (9) calculated that the lung 
dosage due to daughter-product activity is about three 
orders of magnitude greater than that due to radon itself. 
Harley and Fresco (10) showed that the daughter-product 
retention in the respiratory system was of the order of 
50%. Further work on the radon and daughter-product 
hazards is now being carried out at the University of 
Rochester Atomic Energy Project. 

In evaluating the exposure of workers mining or process- 
ing radium-bearing materials, the hazard from the inhala- 
tion of daughter products is apparently much more serious 
than that from radon itself. The evaluation of daughter- 
product activity from the air dust samples is direet and 
should be done whenever radon exposure exists. 





be negligible under the field conditions 
for which the method was designed. 


Theoretical Development 

The state of radon daughter products 
in the atmosphere is somewhat doubt- 
ful. The available evidence makes it 
appear that the ions attach themselves 
to dust particles in the air, probably by 
Thus, the 
normal counting 
methods should be adequate for daugh- 
ter-product measurements, provided 
proper corrections for decay are made. 
However, since the daughters of radon 
form a radioactive series, 
interpretation of the count obtained 
on a dust sample is quite involved. 


electrostatic attraction. 


air-sampling and 


complex 


Therefore, mathematical expressions 
relating the radon concentration of the 
air to the alpha activity during sam- 
pling and during the decay of the 
sample were developed. 

When airborne dust containing radon 
daughter products is collected on filter 
paper, the activity will increase to a 
sampling equilibrium value at which 
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the rate of deposition is equal to the 
When 
sampling is discontinued, the activity 


rate of decay of the activity. 


will decay rapidly, reaching an effective 
half-life of 31 min after about an hour. 

If the buildup and decay equations 
can be derived, four methods of 
evaluating the daughter products on 
filter paper are possible: 

1. The sampling may be continued 
until sampling equilibrium is reached, 
and the alpha activity on the paper 
then measured. 

2. The activity may be measured at 
a known time before sampling equi- 
librium is reached. 

3. The total number of disintegra- 
tions during a sampling period may be 
measured. 

4. The decay of the activity on the 
filter paper 
the equilibrium activity obtained by 


may be measured and 
extrapolation. 

The first three measurements must 
be made while the sampling is still in 
progress; the fourth may be made after 
sampling is discontinued. 


Assuming that radioactive equilib- 
rium exists in the air being sampled, it 
is possible to calculate the alpha 
activity which should be present under 
all conditions of sampling and measure- 
ment. The 


then be used to calculate the radon 


measured activity may 
concentration. 

The constants used in the derivations 
for radon and its daughters are given 
in Table 1. 

If the 


atoms/liter and the air is sampled at 


radon concentration is Q 

v 1/min, we may derive an equation of 

the Bateman type 

D 

Qu 
—3.47 X 10-4 + 1.97 


= 1.59 x 10~* — 9.45 XK 10-%-** 


10~4e~># 

(1) 
where D is the disintegration rate in 
dpm, t is the sampling time in minutes, 
and the subscripts refer to the isotope 
number in Table 1. 
plotted in Fig. 1 as fraction of equilib- 


This equation is 


rium activity as a function of sampling 
time. 
At sampling equilibrium (when ¢ is 
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FIG. 2. 


greater than 180 min) this reduces to 
D(5.95 K 107!) 


curies/liter 
1 


If sampling times less than that 
required for equilibrium are used, the 
appropriate fraction of the equilibrium 
value may be read off from Fig. 1, and 
the corrected value of D put in Eq. 2 
The total disintegrations during any 
sampling period may be obtained by 
integrating iq. 1 
d 
Qv 
+ 0.0025e>%" + 


—0.472 4 


O.SO06¢ 


This 


equation does not approach a limit as 


where d is total disintegrations. 


t increases, so the values of d/Qv are 

plotted in Fig. 2 in absolute units. 
The total 

converted to radon concentration by 


Q = (5.7 X 107-"")d/F 


disintegrations may be 


where F is the value of d/Qv read off 
from Fig. 2 for the sampling time used 

The system of making decay meas 
urements after discontinuing the sam 
pling is the only method usable with 
standard equipment. 
the daughters is not purely exponential 
ifter the 


The decay of 


during the first hour but 
initial period, the mixed daughters 
show a half-life of 31 the 
decay rate of the sample is measured 


min If 


after the initial nonlinear period, the 
activity may be extrapolated back to 
the 
methods. 
higher than the true value of 
(see Fig. 3), but the ratio, f, of extra- 


end of sampling by graphical 
This extrapolated value is 


activity 


polated to true value can be calculated 
These ratios for several sampling times 
are given in Table 2. 

The extrapolated disintegration rate 
may be divided by this factor, f, to 
obtain the activity at sampling equi 
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Integrated radon-daughter activity on filter paper 





J of Samp 








FIG. 3. 
periods 





TABLE 2—Correction Factor for Sam- 
ple Decay 
Sampling time 


(min 


10 
15 
20 
30 
60 


8 





TABLE 3 
Methods 


Comparison of Radon 


Concentration 
(upc Rn per liter 
I nte- 
grated 


Equi- 
Run librium Build-up Decay 
10.5 10 
6.9 6 
4.6 :.o 





librium. The corrected activity may 
then be substituted into Eq. 2 to give 


the radon concentration. 


Experimental 

The simplest method of sampling air- 
dusts for 
by drawing air through a 
(fiber) filter. 


rate and of the sampling time allows 


borne counting analysis is 
mechanical 


Measurement of the flow 


calculation of airborne dust concentra- 
tion from the results of analysis of the 
filter. The Health and Safety Divi- 
sion, New York Office, 
AEC, uses a No. 41 Whatman filter for 


Operations 


Decay of Ra-daughter samples for different sampling 


routine sampling, and this paper was 
used in most of the work reported here. 

Alpha rather than beta measurement 
was selected because of the greater ease 
the 


alpha activity is of more direct value in 


of alpha counting and because 
evaluating daughter-product hazards. 

The over-all technique has two niajo! 
defects (a) the filter retention is low for 
the 


collection is not always at the surface, 


submicroscopic particles and (b 


which allows the absorption of alpha 
particles by the paper. However, its 
simplicity and the possibility of making 
activity measurements while sampling 
led to its adoption. 

The apparatus used consisted of a 
head to hold the filter 
mounted directly an alpha scin- 


sampling 
ovel 
tillation counter. The counting pulses 
were fed directly into a traffie recorder 
the 


time 


which pl inted counts received 


intervals. 
1.000-ft 


during preset 


sumM- 
pling was from a room con- 
taining the radon. 

The first 


to test the validity of the derived equa- 


measurements were made 


tions. Counts were taken at 6-min 


intervals during the buildup of activity 


on the paper over & period of 3 hr. 
The fraction of the equilibrium value 
found for each interval was then com- 
pared with the calculated value. For 
both the simple buildup and the total 
the 


showing 


disintegration methods 


about 1%, 


uverage 


error Was the 


validity of Eqs. 1 and 3 


The three methods of evaluating 


radon concentration, measurement of 


activity at equilibrium, measurement 
during the sampling buildup, and the 
integrated measurement 
Also, a comparison of 
method the 


made 


were com- 


the 


decay 


pared 
and 


The 


equilibrium 


method was results are 
given in Table 3 
The 


methods 
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agreement between 





was good, but the absolute values are 
about 55% of the known radon 
content of the air The 
absorption of alpha particles by the 
filter paper has been . estimated by 
Alercio and Harley (11) as 30% for 
uranium dusts. Although the reten- 
tion of the No. 41 Whatman filter is 
known to be above 97% for industrial 
dusts (12), it was felt that the differ- 
daughter-product 
measurement corrected for absorption 


only 
sampled. 


ence between the 
and the true radon content might be 
due to lack of retention of submicro- 
scopic dust particles carrying activity. 

Simple retention measurements 
showed about 90% efficiency for the 
normal-room dust loading and about 
97 % efficiency for artificially dusty air. 
the low results must be due 
than 


Therefore 


to a higher absorption factor 


previously found for uranium, or to 
the loss of daughter products on the 
walls or on the sampling 
The reason for the differ- 


ence cannot be proved absolutely, but, 


chamber 
equipment. 
consistent, an 


as it appears to be 


empirical factor of 2 is chosen to 
correct for absorption, lack of reten- 
tion, and daughter-product losses. 
Molecular filters (Lovell Chemical 
Co.) were also tried to test whether the 


better retention and lower absorption 


give more accurate results. 


The data for a series of runs (not cor- 


would 


rected for absorption or retention) are 
Table 4. The 
grouped according to the dust loading 
of the air into normal, low, and high 
dust. 
were washed and the air filtered before 


shown in results are 


For low dust, the room and ai 


the radon atmosphere was set up. 





TABLE 4—Results of Radon Analyses 


Concentration (ype /liter 


Normal dust 
0.10 


Average 
Low dust 


99 


{ verade 


High dust 


9Q 


Ave rage 


Whatman 


Found 


Molecular 


Nw & & bt to 


to 
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For high dust, there were 
about 10’ particles per liter of NaCl, 
having a mass median of 1 micron. 


Table 4, 
empirical factor of 2 


present 


From it appears that the 
is justified for 
normal and dusty atmospheres when 
using the Whatman filter. In 


dust atmospheres, such as might be 


low- 


found in air-conditioned laboratories, 
the retention of the submicroscopic 
particles is evidently poor, and a mo- 
lecular filter should be used. 
Holaday (18) has used the daughter- 
product method for evaluating radon 
Utah-Colorado 
measurements on 


mines of the 
region. The field 
the filters are made 


in the 
with an alpha 
survey meter, and an attempt is made 
to determine the degree of equilibrium 
which exists by counting during the 
This 


is possible because the shape of the 


early part of the decay period. 


nonlinear portion of the decay curve 
changes with degree of equilibrium. 
The 


daughter products themselves is, of 


evaluation of the airborne 
and is not 
due to the 
equilibrium. 

A method 
scribed is in current use in this labora- 


course, direct subject to 


errors assumption ot 


similar to the one de- 


tory for evaluating thoron and _ its 


daughter products. 
* * * 


This paper is abstracted from a thesis pre 
sented in partial fulfillment for the degree 
Doctor of Philosophy in Chemistry at Rens- 
selaer Polytechnic Institute. 

The work is the outgrowth of several related 
problems which have studied in the 
laboratories of the Health and Safety Division 
Many of the ideas have come out of discussions 
with members of the staff, particularly Merril 
Eisenbud, William Harris, Harris LeVine, 
and Evelyn Jetter. The author wishes to 
express his gratitude for the 


been 


assistance and 


consideration 
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A Multiple-Counter System 
for Isotope Encephalometry 


The multiple-detector positioner provides greater sensitivity for brain-tumor 


location than is possible with a single-detector method. Advantages are 


better reproducibility and detection of bilaterally symmetrical activities 


By DOUGLAS A. KOHL 


University of Minnesota, The 


DETECTION OF BRAIN TUMORS with 
radioactive I'*! in isotope encephalo- 
metry is well known and rather ex- 
tensively investigated from both the 
clinical and technical standpoints (1—4). 
However, technical improvements in 
detector efficiency and shielding sys- 
tems have not resulted in an increase in 
clinical accuracy (5-7). 

Clinical investigations have shown 
that the diagnostic accuracy of the 
technique using a single scintillation- 
counter detector 96% 
when the equipment was used by a 
neurosurgeon experienced in the count- 
ing technique (8, 9). The develop- 
ment of a multiple counter was an 
attempt to eliminate this dependence 
upon the skill and interpretive ability 
of the person conducting the test. It 
is hoped that such a system may be 
used to evaluate the 
limitations of this isotopic method. 


approached 


physiological 


Multiple-detector Design 

A practical necessity in the design 
of this system was the use of a number 
of detectors and decade scalers operat- 
ing simultaneously to keep the total 
time for an entire head survey short 
enough to make a fixed-detector- 
position system possible. 


16 


V edical Se hool, Vinneapolis, Minnesota 


The detector positioner, shown in the 
illustration, holds eighteen individual 
bismuth-cathode G-M_ tubes 
respective concentric lead shields. 


in their 
The 
shields are moved axially within close- 
fitting sleeves by means of separate 
hand-operated feed-screw mechanisms. 
The detectors 
at a common central point and are 


axes of the intersect 
arranged symmetrically, left to right 
and front to back. After the patient’s 
head is oriented within the positioner, 
the detectors are advanced to maintain 
light contact with the skull, 
thereby forming a cushioned holder for 
the head and fixed 
orientation of the the 


very 


maintaining a 
head within 
detectors. 

The eighteen detectors are counted 
in three groups of eight by the decimal 
Thus, the 
survey provides a total of nine sym- 


scalers shown in the figure. 


metrical positions plus a recheck of 


three “significant”? symmetrical posi- 


tions. The scalers are gang-switched 
from one group to another between 
counting periods. The switch auto- 
matically furnishes the proper oper- 
ating voltages for the G-M tubes and 
effects such a saving in time that the 
entire survey takes only 25 minutes, 
including the data recording time. 


Initially each of the 18 G-M tubes 
their 
sensitivities to an extended source of 
['3!, 


was calibrated by comparing 
Each tube was given a correc- 


tion factor which derived from 
the sensitivity of the tube relative 
to the efficient detector. This 
initial later checked 


in the positioner and corrected by the 


was 


least 
calibration was 
position averages of a large series of 
phantom skull measurements. 
mercially bismuth-cathode 
G-M tubes* were used, and the average 
variation in sensitivity to I! was 
7.9% when mounted in the shields. 


Com- 
available 


Data Analysis 

It has always been the standard 
procedure to utilize the anatomical 
symmetry of the brain as a normalizing 
factor and to compare, bilaterally, the 
activities of symmetrical positions. 
The relative difference in radioactivity 
level between a pair of positions is 
expressed as a percentage of the higher 
activity value. Diagnostic significance 
is attached to differential percentages 


*N. Wood Counter Lab, 
Standard l-in. diameter X 5-in. 
cathode mounted in glass envelope without 


Chicago, Il. 
bismuth 


mounting base. 
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MULTIPLE-COUNTER system, using eighteen detectors and eight scalers 





TABLE 1-Diagnostic Error Comparison 


Number of patie nts incorrectly 
diagnosed 
Position-ratio Differential Total number 
cal group ¢ lassi fic ation analysis analysis wn group 


Normal 0 


2 
Vascular abnormality l I 
4 10 
Diffuse neurological abnormality i 2 


Tumors 


Localized neurological abnormality Differential and position-ratio 


analyses are in agreement 








TABLE 2--Analysis of Patient Missed by Differential Analysis 


Vormalized position levels* Differentials 
Increased activity Decreased activity Left side Right side 


leviation) (°, deviation) (%) (%) 


Cy if 
Cr 

Dy 

Dr 9 
hy 13 
Ee 16 
Hy 12.! 
Hr 7.4 


* Letters refer to detector positions. Subscripts indicate left or right 
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that exceed an empirically established 
normal range. 

This differential analysis is a practical 
system for head surveys with a single 
detector. Although the most obvious 
disadvantage of the method is its 
failure to detect symmetrically oriented 
bilateral abnormal activity, there are 
a number of other troubles inherent 
in the single-detector system. By far 
the major difficulty is that, unless some 
sort of positioning aid is used, there is 
apt to be a considerable error in 
reproducing measuring positions, both 
from the standpoint of attaining 
symmetry as well as establishing 
corresponding positions on different 
patients. 

Multiple-detector method. With 
the fixed-axis-positioning system of the 
multiple counter, it is possible to 
expand greatly the amount of diag- 
nostic information extracted from the 
data. Of importance is the fact that 
each symmetrical position pair has a 
definite activity level relative to every 
other pair. To isolate this information 
from variable factors such as dosage, 
injection-to-counting time, biological 
and radioactive decay, etc., the posi- 
tion relationships are expressed as 
ratios. 

In practice, a simplification of the 
computation is made in order to avoid 
manipulating all of the 153 possible 
ratios. Eighteen normalized position 
levels are computed by dividing the 
position activity by the sum of all 
eighteen positions. In this way the 
position level is normalized with respect 
to the total amount of radioactivity 
within the head; it is assumed that the 
complete survey furnishes an accurate 
index of the total volumetric activity. 
Thus, the differential analysis, with its 
bilateral restriction for pertinent data, 
is a subanalysis of the position-ratio 
data. 


Data Evaluation 

The need for normalization is empha- 
sized by a comparison of the multiple 
counter with the single scintillation 
detector used with a marked cap as a 
positioning aid (10). In a survey of 
11 patients done with the scintillation 
counter, there was an average deviation 
in position levels of 24% after the 
dose factor variable was calculated 
out. This value dropped to 10% 
when the normalized position level 
process was performed 

The greater sensitivity of the posi- 
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TABLE 3— Measuring Instrumentation Comparison 


Repro 
ducihility 
error 
Instrument (average % (< 
Scintillation 
counter (no cap) 
Scintillation 
counter (cap) 
Multiple counter 


Statistical 
error oj 


counts 


{ verage 
over-all 
Basic 


average 


position 

Total 

deviation no.of No. of 
(%) 


deviation 
of patient 
tumors 


groups (%) patients 








TABLE 4——Multiple-Counter Record of 


! . 
Vormalized position level 


Increased activity 


Decreased activity 


(% deviation) (% deviation) 
Ax < An 0.5 
Br $3, 1.4 
Cy ( 0 

Ex < D, 3 

Er! 

Fy 

Hy, 


* Letters refer to detector posit 


Subs 


‘Apparently Normal’’ Patient 


Diffe renlials 


Left side Right site 


(%) 


ripts indicate left or right. 








TABLE 5—-Summary of Head Survey Position Deviations 


Average deviation about the normalized 
position level 

Average deviation of the correctly diag 
nosed cases about the normalized posi- 
tion level 

Average number of positions per patient 
exceeding the average deviation 

Average number of positions per patient 
exceeding twice the ave rage dey lation 


patients (tumors) 24 patients (all othe 


7.6 positions 6 positions 


3.6 positions 3 positions 





tion-ratio analysis to tumors is shown 
in Table 1. In the case of the six 
additional errors in the 
tumor group when differential analysis 


diagnosis of 


was used alone, all but one were missed 
because of a bilateral 
uptake of activity in the tumor, An 
illustration of this situation is shown 
in Table 2. 

The information in Table 2 is a 
summary of the analysis of one of the 
the differential 
shown in the 


symmetrical 


missed by 


All 


patients 
analysis. 
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values 


position-level section are beyond the 
the 
whereas none of the differentials exceed 


the The 
tively greater differential at position G 


average deviations of positions 


average deviations. rela- 


was caused by right-side increase 
coincidently with a left-side decrease 
in the positions, neither of which 
exceeded the average deviation of the 
position-ratio group. The tumor was a 
large and vascular meningioma 
occupying both frontal 


back as the motor strip. 


very 
lobes as far 
The differ- 


ential analysis must be adjudged nor- 
mal, but both members of each bilateral 
position pair are very abnormal from 
the standpoint of their normal activity 
level 

It should be pointed out that due to 
the normalization scheme, the presence 
of a large amount of localized activity 
will give a number of positions apparent 
This is not 


really a complication in that, in order 


decreases in activity. 
for a diagnosis to be useful, the results 
must indicate a focal region of increased 
uptake which is very seldom found in 
the 
values. If 


from those positions showing decreased 


statistically produced abnormal 


such a focus is obtained 


activity, it is usually due to a space- 
occupying lesion which does not take 
up the tracer. 

To illustrate the advantages gained 
through using detector-positioning de- 
comparative factors are shown 
The 


obtained 


Vices 


in Table 3. data for the com- 


parison were Irom separate 
groups of patients with three investi- 
gators measuring their own specific 
group (11 

The 
were computed from records of those 
that 


with a 


reproducibility comparisons 


patients were counted several 


times number of hours inter- 
vening between measurements. 


The 


patient 


average position deviation of 


was obtained by com- 


the 


groups 
the 


eighteen positions about their average 


puting average deviation of 
level lol each patient and then com- 
bining all the averages in the group 
Klimination of the reproducibility and 
statistical the 


index of 


over-all 
the 
basic average deviations of the patient 
groups. Part of the difference in the 
basic deviations reflects the effect of the 
slightly different detector collimations. 

The 


is reflected in 


errors trom 


deviations prov ides an 


remarkably low basic deviation 
the 


parently normal”’ patients. 


records of ‘“‘ap- 
An exam- 
shown sum- 


ple of such a record is 


marized in Table 4. Only position Ex 


exceeds one-half the average deviation. 


Clinical Results 


A ruling enforced by the loeal radio- 
isotope committee prevents the estab- 
lishment of ‘‘true-normal”’ records for 


diagnostic reference. Consequently, 
the 


tained by a 


normal reference values were ob- 


series Of approximations 
which tended to satisfy the following 
Under the 


detectable tumors 
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philosophy. 
that 


assumption 


most have a 





higher specific radioactivity than the 
brain the 
values must simultaneously give the 


tissue, choice of normal 
maximum number of abnormal indica- 
tions in the known tumor group and 
the least 
tions in the remainder of the group. 
With this idea, a set of normal posi- 


number of abnormal indica- 


tion levels was found which also, inci- 
dently, closely matched the averages 
of the total group of 42 patients inclu- 
sive of 17 proved tumors. Each posi- 
distinct 
the 


survey. 


tion standard 


possesses a 


deviation due to anatomical 


features under The greatest 


deviation was found in the detectors 
on top of the head in close proximity 
to the saggital sinus. 

The ultimate diagnostic result shows 
There 


is an obvious increase in the average 


in the analysis in two ways. 


position-level deviation of an abnormal 


patient due to the high levels of the 
detectors surveying the focal area, and, 
secondly, there are a greater number of 
positions exceeding the standard devia- 
tion. This information is summarized 
in Table 5. 

On the basis of the indication of an 
abnormality somewhere in the head in 
the tumor patients and no abnormal 
indication for all other patients, the 
following results were obtained: 13 out 
of 17 
judged and 17 out of the remaining 25 


tumor patients were correctly 


patients were called normal. 


Discussion 

The fixed-positioning system, in addi- 
tion to greatly enhancing the reproduci- 
bility aspect of the problem, adds more 
diagnostic information. The small pa- 
tient sample (42) with only 17 tumors 
may not furnish a fair comparison 
between the position ratio and the 
differential but it 
emphasize the problem of symmetrical 
bilateral focii. 
that position-ratio-analysis is advan- 
other 


analyses serves to 


It should be appreciated 


tageous from at least two 
standpoints. 

Differential 
insensitivity to symmetrically oriented 
give a false 


midline 


analysis, due to its 


midline activity, 
focus if most of the tumor is 
Furthermore, 
may be 


may 


and one end is skewed. 


occasionally a focal area 
oriented in such a way that some detec- 
tor positions show a false differential 
due to some of the detectors picking up 
tumor contribution from the opposite 
side of the head. Such information is 


considered valid data and is correctly 
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interpreted with the position-ratio 
system. 

In practice, the separate normaliza- 
tion factors are retained in computing 
the ratio and symmetrical 
results differential are 


secondary used 


position 
The 
considered as 
chiefly as a check against error. 

A factor not included explicitly 
in the reproducibility errors of Table 3 
is the effect of applying this system to 
the different structures of 
various patients. 
contained in the 
deviations and, within the limitations 


results 
and 


cranial 
This information is 

over-all position 
of the patient samplings, shows an 
important improvement in observing 
grouped patient records. 

There is a considerable overlap of 
data in the normal and abnormal group 
As a result the data of 
those tumor cases missed are as normal 
and the 


classifications. 


as the “normal” category 
missed normals are as abnormal as the 
tumor group from every aspect. This 
is reflected in the insignificant change in 
the average deviations of Table 5 when 
the correctly diagnosed records are 
compared to the total group. 

Although 


difference between the standard devia- 


there is a significant 
tions of the tumor group compared to 
the rest, the magnitude of the difference 
is relatively small and is one of the 
indications that the presence of most of 
the tumors did not substantially 
affect the counting levels of detectors 
not directly surveying the tumor site. 
Obviously this is a desirable character- 
istic from the standpoint of localization 
and much dependent on detector 
geometry. 
A much 
limation is 
positioner than without aids, but the 


“narrower” detector col- 


more practical with a 
usual recession of the effective counting 
center as a consequence of collimation 
is equally as important as restricting 
the field of sensitivity. The apparent 
counting origin of the detectors is 7 em 
from the point of skull contact, Al- 
though no attempt was made to show 
the 


variation of specific volumetric sensi- 


this is optimal, inverse-square 
tivity is such as to permit a more uni- 
form sensitivity to tumors at various 
depths than would be obtained with a 
detection volume in close proximity 
to the head. 

In conclusion, it 
preciated that the ultimate criterion for 
evaluating the clinical usefulness of 


should be ap- 


the system is its ability to give a 


correctly oriented focus on the tumor 
site. An although 
certainly indicative of an abnormal 
situation, 
negative 


incorrect focus, 


must be considered as a 
result 
clinical 


when attempting to 
studies. In the 
indication 


categorize 
same abnormal 
without a definite focus occurring in a 


normal patient would not be considered 


way, an 


as indicative of anything. 

To know the extent of the usefulness 
of this system, it must be ascertained 
whether a correlation exists between 
indicated focii and localized neurologi- 
cal indications. It is intended that a 
thorough diagnostic evaluation, to- 
gether with a possible value for the 
physiological limitation of the diag 
nostic accuracy of this isotope tech- 
nique, be published in a clinical journal. 

+ * . 


Instrumentation of the multiple counter was 
Atomic 
V oore, 


sponsored by a grant from the U.S 
To dD, . G E. 


Vemorial 


Energy Commission 
director, Roswell Park Institute 
and assoc. prof, of surgery in the Buffalo 
School of Medicine, goes much of the credit 
for encouraging this study Appreciation is 
also expressed to Drs. Chou, Johnson, and 
Haines of the Dept. of Neurosurgery, U. of 
Minn. Medical School, for their 


servwcs, 


invaluable 
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Ceramic Materials for Reactors 


High-temperature operation of nuclear reactors is limited by the properties 


of available materials. 


cannot compete. 


Ceramics offer possibilities in ranges where metals 


The present status of research and application is shown 


by reports from several groups engaged in studying refractory materials 


ALTHOUGH MATERIALS are 


currently serving as fuel, moderators, 


CERAMIC 


poison, shields and insulation in nuclear 
reactors, their full potential has not 
yet been realized. Research and de- 
velopment aimed at producing high- 
temperature materials with desirable 
nuclear properties was discussed at a 
meeting that included 


recent papers 


on refractories for nuclear power 
properties of hafnium oxide, resistance 


to liquid metals, and cermets.* 


Nuclear Power Applications 

John M. Warde (Oak Ridge National 
Laboratory) pointed out that ceramics 
should not be directly substituted for 
metal shapes in reactor designs. 

Since power reactors produce about 
seven times as much heat per unit 
area as a modern naval steam boiler, 
careful design is mandatory to prevent 
thermal stress failures. 
sign 
adequate strength, 


The major de- 
factors to be considered are 
thermal condue- 
tivity, thermal expansion, corrosion 
resistance, fabricability, neutron econ- 
omy, radioactivity problems, radiation 
damage, utilization of high specific 
power, and fuel reprocessing. 
Promising materials. The construc- 
tion of high-temperature power reac- 
further 
Physical 


properties, radiation stability, fabrica- 


tors probably must await 


development of ceramics. 
tion, ceramic coatings, phase equilib- 
rium, and proper design for full utiliza- 
tion all require further study 

Use of ceramics in reactors up to the 
present time has provided some indica- 
tion of their future usefulness. 
the available ceramic forms of nuclear 


Among 


* 55th annual meeting, American Ceramic 
Society, New York, N. Y., April 26-30, 
1953. The papers on which this report is 
based were presented before the Refractories 
Division. 
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fuel with high meiting points are UO», 
2,800° C; UC2, 2,700° C; US, 1,700° C; 
U.S; and US. 1,850° C; 
1,700° C, Uranium 

parison, melts at about 1,100° C, 


Refractory 


and USis, 


metal, by com- 


ceramic materials hav- 


ing high neutron absorbing 
ByC, HfOs, and some of the 


oxides 


power 
include 
rare-earth such as those of 
gadolinium and samarium. 

Other ceramic materials for general 
use as moderators, structural materials, 
and parts to resist abrasion, include 
Al.O;3, BeO, MgO, HfO., ZrO», C 
siC. In ThOs is of 


siderable interest as a breeding material. 


, and 


addition, con- 


Hafnium Oxide 

Carl! E. Curtis et al. (Oak Ridge Na- 
tional Laboratory) in ‘‘ Properties of 
Hafnium Oxide” pointed out that 
as only 45 to 3% of 
better refractory 
While minute 


quantities of hafnia have been available 


hafnia occurs 
zirconia, but is a 


material than zirconia. 


for 30 years, significant quantities of 
HfOz and pure ZrO, were not available 
prior to recent AEC-sponsored work on 
separation of the two materials 
Chemically, HfO, and ZrO 
very similarly, but, as shown in Table 1, 


behave 


some of the other properties are quite 
different. 
interesting refractory as it is 
1.700" C, 


Hafnia is a_ particularly 
free ol 
phase changes to at least 
as compared to zirconia, which changes 
from monoclinic to tetragonal at about 
1,000° C and can be stabilized in the 
heating at higher 


cubic system by 


temperatures with other oxides. In 
addition, it has a slightly higher melt- 
ing point than zirconia and somewhat 
Hafnia 


offers many possibilities of usefulness 


opposite nuclear properties. 
as a crucible and reactor material. 
Hafnium silicate (HfO.SiO 


“ Hafnon”’ by Curtis and his coworkers, 


), named 


was synthesized and found to be very 
zircon (ZrO The 
CaQO-HfO likewise 
formed and found to be 
CaO-ZrO.». In both of 


compounds the atomic distances were 


similar to siQ,) 


compound was 
similar to 
these hafnia 
found to be about 1% smaller than the 
The 


essentially 


corresponding ZrO. compounds. 


thermal expansions were 
the same. 

Hafnium carbide also formed. 
This was done at 2,500-3,000° C in an 
induction furnace by using the reaction 
HfO. + 2C > HIC + COs. 
carbide reportedly has a melting point 


of 3,800° C, the highest of any known 


Wiis 


Hafnium 


material. One of the most interesting 
findings, however, is that its hardness 
was measured as 2,900 on the Vickers 
scale. The highest previously reported 
hardness for synthetically produced ma- 


terial is 2,400 Vickers for boron carbide. 


Attack by Liquid Metals 

The resistance of both metailie and 
attack by 
used for 


ceramic refractories to 
liquid metals that could be 
reactor coolants has been studied with 
a static 
test apparatus by E. L. 


(convection 
harps) Reed 
(North American Aviation Inec.). This 
apparatus operates from S00 to 1,500‘ 


and dynamic 


C. Results with sodium, bismuth and 


and states are 
given in Tables 2, 
that stood up best. 


In all of the static tests, the specimen 


tin in liquid vapor 


3, and 4 for materials 


was so mounted that about two thirds 
of it was covered by the liquid metal. 
The specimen was thus exposed to both 
the liquid and the vapor of the metal. 

With sodium, some specimens showed 
color changes, but noappreciable change 
Spinel (MgO-A1,Os), graph- 
ite, sintered poly-crystalline alumina, 


black 


in weight. 


magnesia, and zirconia turned 


or disintegrated. 
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Clay-bonded silicon carbide stood up 
fairly well, but did not compare with 
the materials in Table 2. In bismuth, 
it crumbled at 1,000° C. 

In tin, Vycor and TaC showed a little 
corrosion at 1,000° C. When exposed 
week at 1,000 and 1,500° C, 
Mo was badly attacked by tin. 


tor one 


Cermets 


Deve lopment of cermets-——combina- 
tions of ceramic and metallic materials 
at jet 
craft applications, but these materials 


is directed primarily alr- 


also offer promise for nuclear power 
applications. 

Cemented chromium carbide. EF. 
W. Engle and G. W. Lucas (Carboloy 
Dept 


this recently announced material. 


. General Electric Co.) discussed 
The 
most widely used composition, No. 608, 
consists of 83% CrsCeo, 2% WC, and 
15% Ni The Cr;C. is pre- 
pared by 


binder. 
reacting carbon with either 
After 
mixing with the other ingredients, the 


chromium or chromium oxide. 
powders are pressed, then sintered in a 
protective-atmosphere furnace. 

The product has a specific gravity of 
7, a hardness of 89 Rockwell A, 
a modulus of rupture of 100,000 psi. 


and 


By special processing, a product having 
a high degree of preferred orientation 
is obtained that shows even higher 
strengths along the axis of the grains. 
While cemented chromium carbide is 
intended primarily for use in corrosive 
media, it exhibits good hot strength as 
shown by tensile strengths of 46,000 
psi at 1,200° F, 32,000 at 1,350° F, 
16,000 at 1,500° F, 3,500 at 
1,800° F. 
In a hot 


oxide 


and 


oxidizing atmosphere, an 
film 2 thick 

further oxidation of the ce- 
In other 
this material has shown excel- 


microns forms to 
prevent 
mented chromium carbide. 
media 
lent resistance to corrosion as well as 
abrasion. 

Pressure-sintered dense silicon car- 
bide. Rk. A. Aliegro and J. R. Tinkel- 

Alfred 
hoth 
metal-bonded silicon carbide by hot 
By pressing at S,000-10,000 
psi and 2,300-2,450° C in graphite dies, 


paugh University) have pre- 


pared pure silicon carbide and 


pressing 


pure silicon carbide having densities 
of theo- 
This 
terial has a reported hardness of 2,100 
3,500 Vickers, considerably higher than 
2,000 Vickers re- 


ported for silicon earbide. 
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) 


of 2.7-3.04 gm/em?’ (85-95% 


retical) can be produced. ma- 


the usual value of 


Numerous metals were tried as 
binders for a silicon carbide cermet. 
These include Fe, Ni, Cr, Mo, Co, 
Fe-Ag, Fe-B, Ni-B, and Cr-Mo. The 
first four were selected as being best 
after tests for reaction between silicon 


carbide and the metal. Cermets were 


hot pressed using 25-35% of the metal 
and 75-65% of SiC at pressures of 
5,000-10,000 psi and temperatures of 
1,600-2,000° ©. 
was grain-sized to provide good packing 
qualities and consisted of 60% 50-100 
mesh, 15% 240 mesh, 25% 1,200 mesh. 

Oxidation tests indicate that a very 
thin 
protects the underneath portion so that 


The silicon carbide 


surface film is produced that 
at high temperatures about 1.5 mg/cm? 
weight 
While 


the work is still in progress, it has been 


is the maximum change in 


until equilibrium is achieved. 


shown that high-density silicon carbide 
and silicon-carbide-base cermets having 
good oxidation resistance can be 
produced. 

Oxide- and carbide-base cermets. 
These materials have received a great 
deal of attention and have been the 
subject of many discussions as to their 
* High-Tem- 
perature Strength of Oxide-Base and 
Base Related 
Physical Properties,” Ek. T. Mont- 
gomery (Ohio State University) re- 
viewed the requirements of 


respective merits. In 


Carbide Cermets and 


a good 
cermet and the properties of the best 
(Al.O; and TiC) of these two types. 
Factors on which to judge cermets 
include: high-temperature strength; 
chemical and physical stability; resist- 


she ck, 


and impact; and 


ance to oxidation, thermal 


vibration fatigue, 
proper creep rate. 
Available data indicates that while 


(alumina) base cermets are 


stronger at high temperatures, they 


oxide 


are not as resistant to thermal shock, 
They 


Air I ree 


vibration, and impact. have 
thus been unable to pass 
thermal shock tests that 
1,000 heating and cooling cycles be- 
tween 1,900° F and room temperature. 
Each cycle takes about 149 min and is 


Titanium car- 


consist of 


therefore a severe test. 
bide base cermets, however, are being 
used in experimental gas turbines and 
Both 


types of cermets should be useful for 


appear to be quite successful. 
particular applications—the oxide base 
type where high hot strength is re- 
quired, and the carbide base type where 
ductility and thermal shock resistance 


are more important 





TABLE 1—-ZrO., vs. HfO, 


ZrO. 


Atomic no, 
Molecular wt. 
Melting point 
(°C) 
Density 


2,700 2,800 


5.68-6. 10 ¥.OS 
(to 1,500° ©) 
ll x 10° 6.45 & 10° 


(gm /em*) 
Thermal expan- 
sion per °C 7 





TABLE 2——Corrosion Tests in Sodium 


Liquid and Vapor 


Temp Time 
Vaterial (“¢ hr 


1,500 
00 
00) 


Molybdenum 

Tungsten 

Tantalum 

Alumina (synthetic 
sapphire) 900 


Magnesia (single 


crystal) 925 
Molybdenum di- 
silicide (cast) 


Thoria 





TABLE 3—Corrosion Tests in Bismuth 
Liquid and Vapor 

Te mip / ile 
Material (°C hr) 


1,000 and 1,430 168 
1,000 168 
1,000 168 


Molybdenum 

Tungsten 

Phenium 

Graphite (grades 
AUF and AWG) 

Alumina 

Magnesia 

Zirconia 

Molybdenum di- 


1,400 168 
1,000 168 
1,000 168 
1,000 168 


1,400 168 
1,000 168 
1,000 168 


silicide 
Tantalum 
Vycor 





TABLE 4—-Corrosion Test in Tin Liquid 
and Vapor 

Temp. 7ime 
Material C) (hr) 


1,000 10 
1,500 840 
cycled 800-2,000 l 
1,500 840 
1,000 168 
1,590 168 


Tungsten 
Rhenium 
Graphite (AUF) 
Graphite (AUF) 
Vycor 
Chromium carbide 





21 





Dosimetry of a Kilocurie 


Cobalt-60 Source 


Characteristics of four dosimeters were studied with the MIT cobalt-60 source: 


FERROUS-FERRIC 


Best for routine use; accurate, simple to use, reproducible results 


CERIC-CEROUS 


Accurate; requires careful application to obtain reproducible results 


METHYLENE BLUE 


Most simple in application but is less precise 


ADIABATIC CALORIMETER 
Not suitable for routine use; excellent for establishing yields of chemical 


dosimeters 


By SOL DAVISON, SAMUEL A. GOLDBLITH, BERNARD E. PROCTOR, 


MARCUS KAREL, BILLY KAN, and CHARLES J. BATES 
De partment of Food Technology. Massachusetts Institute of Technology, Cambridge, V assachusetts 


EFFECTS OF IONIZING RADIATIONS on 
biological materials* are being studied 
here with a kilocurie cobalt-60 source, 
prepared by Brookhaven National 
Laboratory, as part of the AEC pro- 
with utilization of 


gram concerned 


fission products, To determine the 
energies absorbed by irradiated sam- 
fer- 


rous-ferric, cerie-cerous, and methylene 


ples, three chemical dosimeters 


blue) and one physical dosimeter 
(adiabatic calorimeter) are being used 

The 
cerous dosimeters have been described 


by Miller Hardwick (4), 
Hochanade] 


ferrous-ferric and the ceric- 


ia; oh 


and Ghormley (4), and 


* A survey of the literature pertaining to 
the application of ionizing radiations to the 
food and pharmaceutical fields has been 
prepared by the department, which dis- 
cusses previous and current references (/). 


Weiss (6), among others. The use of 
methylene blue as a dosimeter for high- 
intensity sources was developed in this 
laboratory and has been described by 
Goldblith, Proctor, and Hammerle (7). 
The 


modeled after one developed by Hoch- 


adiabatic calorimeter used was 


anadel and Ghormley (45) and was 

constructed by Dr. Sol Davison. 
Although previous investigators have 

calibrated the 


mentioned in terms of yield for dose 


chemical dosimeters 
received, it was felt desirable, for two 
reasons, to use the calorimetric method 
as an independent physical check on 
the chemical methods. 

1. There is evidence in this labora- 
tory that equal doses, determined by 
dosimetry, of from 
cathode 


chemical y-rays 
cobalt-60 


3-Mev Van de Graaff generator do not 


and rays from a 


have strictly comparable quantitative 
bactericidal effects on microorganisms 
(8). Confirmatory data regarding dose 
rates from these sources by means of 
physical dosimetry seemed desirable. 
2. The precise inactivation dose of 
the methylene-blue dosimeter and the 
specific yields for the ferrous and ceric 


dosimeters are still somewhat in doubt. 


Methylene-Blue Dosimeter 

first to be 
used on The 
observations of Goldblith, Proctor, and 
a 3-Mev Van de 
had demon- 


solutions of 


This dosimeter was the 


arrival of the source. 
Hammerle (7) with 
Graaff accelerator (9) 
strated that 
methy lene blue could be used as radi- 
high-intensity 


aqueous 


ation dosimeters for 


The effective range extends 


SOUTrCEeS 


from 25,000 repss* (at concentrations 
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Source and Shield Design 


ie MIT cobalt-60 source and shield has been described in detail 
Tis Manowitz (13) except for the numerical dimensions which are 
cited here 

The active metal is distributed uniformly in the form of two 
tubes placed end to end within two concentric aluminum tubes. A 
2,300-lb lead pig encased in a stainless steel shell (diameter, 17 in.; 
height, 30 in.) equipped with a cover plug serves asa shield. The 
source with shield is contained in a concrete and steel vault (14 
rhe vault is housed in the small concrete building shown below 

Access to the source is through a lead-steel door in the vault, set Xx Lucite sample 
about a foot above the surface of the source-shielding pig. An | / 

/ cornmer 

operator at the barrier may pass samples through the vault door 





with a long pole for insertion into the source. 

\ cross section of the source in place in the shielding pig with the 
presently used arrangement for simultaneous irradiation of four 
liquid samples is shown at right. The aluminum funnel assembly 
serves both as a guide for insertion of the sample carrier and as a 
safety device. In the event of breakage of a sample, the contents 
are prevented from falling directly into the source and are easily 
recovered by simple removal of the funnel assembly. 

The sample carrier was simply constructed from 11'4-in. Lucite 
rod with ',-in. Lucite rods as spacers, to allow insertion of four 
ampoules.* In certain cases, steel cans of about 1-in. diameter are 
used for irradiation of materials in the source.t The cans are then 
loaded directly into the funnel assembly by means of a magnet Ampoule with 
sample 


Aluminum safety 
funnel 








attached to the loading pole. 


Se 


e ampoules used for the liquid samples were the thin-walled Kim- 
aglas”’ brand, of 5-ml capacity. 
were supplied through the courtesy of the American Can Com- 


Lucite support rod 


Yin diameter 


I 
a 
| 

i 


of 10 ug/em*) to 5,000,000 repss (atcon- destroy all but a fraction, e~! (837%),  repss, gives the value Do 3.44 X 
centrations of 1 mg/cm’). The meth- of the methylene blue in solution. 10° repss;. The dose rate is then 


ylene blue undergoes an irreversible The dose, D, received by the sample is 
Dose rate (repss/min) 


destruction, which can be assessed by dD Do ln (n/no) (1) 
3.44 & 10 


colorimetric techniques. . : 
; 1 where no and n are concentration of 


The curve for the unchanged fraction methylene blue at the beginning and 

is & SURCTON - dose has been found to end of irradiation, respectively. where ¢ is the time of exposure 
e exponential. Hence radiation yield For determination of Do, a calibrated minutes. 
is conveniently expressed as relative source of cathode ray irradiation was 


“0 the inactivation dose, Do 10), which the 3-Mev Van de Gras ff accelerator. Ferrous-Ferric Dosimeter 
corresponds to the dose necessary tO Poses delivered by this instrument The number of ferrous ions oxidized 
were calculated from beam current and — to ferric ions is linear with respect to 
* Two energy equivalents are commonly voltage measurements and previous dose. The yield is independent of 
“Y ar anes pidge aha data obtained by use of Victoreen concentration between 4 * 10°°M and 
have utilised the value of 8&3 ionization chambers. A simple aver- 4 * 10-°M Fe** and independent of 
reas the more recent practice in the age of the results from 72 samples (con- wavelength from 100-kvy X-rays to 
yee vp eyelicapions Rings centration 100 yg/cm*), exposed to 2-Mev y-rays. The yield also seems 


when used in this paper doses in the range 5 &* 10‘ to 3 & 10 independent of dose rate from 0.02 
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r/sec to about 200 r/see (2, 8 There 


vield upon pH 


is a dependence of 
which need cause no concern in the 
dosimetry if a definite pH is specified 
An acid concentration that is O.S.NV in 
sulfuric acid is the one commonly used 
In the case of air-saturated samples 
irradiated in a closed system, the curve 
for ferric yield vs dose is linear up to 
about 50,000 rep. Weiss (6 
that a sharp break occurs at this point, 
thereafter the 


linearly but at 


indicates 


continues 
The 


change is attributed to the consump- 


and curve 


a reduced slope. 


tion of oxygen. 


Various methods are available for 


determination of ferrous and_ ferric 


ions. For example, ferrous ions can be 


titrated 
tiometrically or, by use of 


with ceric ions either poten- 
the ortho- 
510 


phenanthroline complex at my, 


photometrically. Ferric ion can be 
determined photometrically at 480 my 
by use of the thiocyanate complex, o1 
The latter method 
of analysis was used throughout the 
with the ferrous-ferric 
Beckman DU 
photometer being used at a slit width 
of 0.28 The 
calibrated known 
ferric ion in 0.8N sulfuric acid (6), A 


directly at 305 my. 


observations 
dosimeter, a spectro- 
mm. instrument 


with 


was 


solutions of 


good linear curve of optical density vs 
concentration was obtained, which was 
The 


results of analyses of irradiated samples 


used for subsequent analyses. 
were corrected for the small amounts 
of ferric ion present prior to irradiation 
by similar analysis of the nonirradiated 
need to use 


solution. There was ho 


solutions with ferrous concentration 
precisely known, because the analytical 
procedure requires determination of 
ferric ion only and the yield is inde- 
pendent of concentration, 

contains two 


The recent literature 


experimental specific yields for the 
ferrous-ferric dosimeter, which are at 
appreciable variance with one another. 
The yield 20.2 micromoles per liter per 
1,000 reps is supported by the observa- 
tions of Hardwick (4, 1/1 Miller 


(3), both of whom applied the Bragg- 


and 


ionization 
The 
liter per 
Hochanadel 
both 
metric and ionization chamber methods. 


Gray cavity principle to 
vield 
1,000 


and 


chamber measurements. 
15.4 


repys was found by 


micromoles pel 


Ghormley (4), who used calori- 


Ceric-Cerous Dosimeter 
The number of ceric ions reduced to 


The 


cerous ions is linear with dose 


24 


mLeads to potentiometer, 
jyocket heater and 
filament voltages 


noider tube 





Pyrex vial 


Water —c 


Jacket — 
heoter 


FIG. 1. 


Calorimeter in place in source 
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FIG. 2. Thermocouple readings obtained 
in five runs with the calorimeter 


yield is independent of concentration 
over a wide 10-?M 
10-°M). The vield is independent 
wavelength from 100 kv to 2 Mey 
y-rays and independent of dose rate 
0.5 to 500 r/see (4 No 


is encountered with the con- 


range to about 


from about 
difficulty 
sumption of oxygen in a closed system 
as in the ferrous-ferric reaction. 
There is no appreciable effect on the 
ield for the acid concentrations 0.8 to 
1.97N in 


tration 


sulfuric acid. The concen- 


used throughout in these 
experiments was O.SN in sulfuric acid. 
Also the smaller specific yield (about 
sixth that of the 


makes this system more suit- 


one lerrous-lerric 
system 
ible for the higher dose ranges. 

The ceric ion concentration may be 
titration 
sulfate or photometrically 
The 


throughout, a 


determined by with ferrous 
at 320 mu. 
method was used 
Beckman DU 
photometer being used at a slit width 
of 0.22 The 
calibrated solutions of 


standardized by oxalate (12). 


photomet te 
spectro- 
instrument 


min. Was 


with ceric jon 
As ceric ion is determined by differ- 


ence, it is important for matters ol 
precision to adjust the concentration 
so that an appreciable fraction of the 
ceric ions is reduced. Concentrations 
that 


reduction in the 


were chosen would give about 


a 509% original 
concentration, 
As with the ferrous-ferric dosimeter, 


Hardwick 


and Ghormley 


(4) differs from Hochanadel 
5) in his experimental 
value for the yield of the ceric-cerous 
3.21 and 
1,000 


These are in the 


dosimeter. These values are 
2.46 


repos, 


micromoles per liter per 
respectively. 
same ratio as the two values for the 
This 


seem to indicate that the discrepancy 


ferrous-ferric dosimeter. would 
in results lies in the physical determina- 


Weiss (6 


firmed the ratio of yields, Fe Ce 


tions Of energy. has con- 
obtained in both cases. 

The glass ampoules used in other 
radiation runs were not found suitable 
lor the 


ceric-cerous dosimetry, as 


results obtained could not be repro- 
duced when such ampoules were used. 
Comparable Pyrex ampoules improved 


this situation considerably. 


Calorimetric Determination 


Absorption of ionizing radiations by 


a condensed medium results in con- 


version of a large part of the total 
absorbed thermal 


In the 


energy to energy. 


case of water, the conversion 


July, 1953 - NUCLEONICS 








TABLE 1 


Duration 
of run 


(min) 


i] 
61 
54 
64 


62 


Rate of rise of 
thermocouple readings 


{(me 


Rate of Rise in Temperature of Water in Calorimeter 


Rate of rise in 
temperature of water 
min) X 10%) (°C'/min) 
0 00384 
0.00386 
0. 00384 
0.00379 
0.00377 





can be made quantitative by attaining 
an equilibrium state wherein products 
react to at the same rate 
The net 


reaction is then zero, and all 


form water 


at which they are produced. 
heat of 
energy actually absorbed by the water 
is converted into heat. 

If the water is thermally isolated, its 
temperature will rise at a rate deter- 
mined only by the rate of absorption of 
the heat 


pressed thermodynamically as 


energy and capacity, ex- 


dT /dt (1 (dH /dt) (3) 


Cn) > 


where // is thermal energy, Cg is heat 
capacity of the system, ¢ is time, and 
T is temperature. 


As the 


active 


source of radiation is a radio- 
half-life 
than the interval of observa- 


isotope with much 
greate! 
tion, d///dt is essentially constant for 
the 


if the observation is made 


constant 
Therefore 


small 


geometry it system. 


over a range of temperature 
taken 
Eq. 


cor responding 


water may be 
the 


replaced by 


where Cy for 
as constant, derivatives in 
3 can be 
delta 


changes 


quantities representing discrete 


AT /At (1/Cy) (AH /At) (A) 


The rise 


respect to time under these conditions. 


in temperature is linear with 


On the that | 


equivalent to 93 ergs per gram of water, 


assumption rep is 
and as | calorie is the equivalent of 
4.18 & 10’ ergs, it follows from Eq. 4 
that the dose rate received by the wate 


is given by 


Dose rate (reps: 
118 x 10’ Cy AT 
93 W At 


min 


where Cy is the heat capacity of water 
in calories per degree Centigrade, AT is 
the number of degrees Centigrade rise 
in temperature in an interval of At 
W is the weight of the 
system in grams. 


minutes, and 


Equation 5 shows that a dose rate of 
1,000 repg 
ture rise in water of about 0.13° C/hr 


min will produce a tempera- 


at room temperature. Temperature 
this 
application — of 
The 


calorimeter used here is suited to these 


changes of magnitude require 


careful calorimetric 


techniques. adiabatic type of 


experimental conditions, i.e., a slow 
linear rise in temperature with time. 
The calorimeter employed, modeled 
Hochanadel 
used it to 


after one developed by 
and Ghormley (4), who 
calibrate the ferrous-ferric actinometer 
300-curie 


intensities of about 25 and 751 


with a cobalt-60 source at 


sec and 





TABLE 2-—Dose Rates of Source (position no. 4; normalized to Jan., 1953) 


Dosimete and yield used 
Ferrous-ferric 
15.4 uM /I 
20.2 uM 
Ceric-cerous 
2.46 uM 1,000 reps 
3.21 uM /1/1,000 rep, 
Methylene blue 
D >.44 X 


Calorimeter 


1,000 rep 
1,000 repy 


105 reps 


x Jos 


reps 


Dose rates 


iin min 
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a 3,000-curie cobalt-60 source at an 
intensity of about 225 r/see. 

Figure | shows the calorimeter A 
chromel-wire heater is placed between 
two concentric cylindrical 
jackets. 
thin-walled Pyrex bulb placed within 
the inner jacket. The the 


glass bulb is closed with wax to prevent 


copper 
The water is contained in a 
stem ol 
escape of product. The wax also seals 
the inner jacket to the stem and per- 
mits good evacuation. Copper-con- 
stantan thermocouples placed in con- 
tact with the water and the inner jacket 
permit continual readings of tempera- 
ture. A 
placed in the water enables a check on 
the performance of the instrument. 
A Leeds Northrup No 


potentiometer is used in conjunction 


small resistance filament 


wane 
and 7562 


with a Rubicon Spotlight galva- 
nometer of 0.0007 wa mm sensitivity. 
the 
temperature of the interior jacket is 
kept equal to that of the water lur- 


thermore, thermal leaks by conduction 


To maintain adiabatic conditions 


and convection are held to a minimum 
by evacuation of the air space between 
bulb and jacket and small-gage thermo- 
couple wires, 

The best results were obtained by 
allowing the calorimeter to remain in 
the source without vacuum for several 
to attain thermal and chemical 
After the 
temperature of the water was recorded 


hours, 
equilibrium. evacuation, 


every fifteen minutes. Between read- 
ings the temperature of the interior 
jacket was kept equal to that of the 
water by manual adjustment of the 
Variae, 


a zero net potential was ob- 


jacket heater current with a 
so that 
tained from the two thermocouples 


wired in opposition, Thermocouple 
potentials were recorded to the nearest 
half microvolt. To minimize extrane- 
effects on 


from contact potentials in the circuit, 


ous potentiometer reading 
the scale of the galvanometer ‘was ad- 
justed for zero reading prior to each 


reading with thermocouples shorted. 


Reagents 
Reagent 

(Baker’s 

recrystallized 


grade ferrous ammonium 
reagent) 
Rea- 


FE. Smith 


used throughout 


sulfate analytical 


was from water, 
gent grade ceric sulfate (G 
Chemical Co.) 
The methylene blue (Allied Chemical 
and Dye Co.) was used without further 


Water 


runs was redistilled over permanganate 


wis 


purification. used in initial 


made with water purified 


25 


Later runs, 





by ion exchange to give the equivalent 
of triply distilled (Deemina 
Water Purifier, Hartford, 
Conn.), showed no detectable change 


wate! 

Crystalab 
in results. All chemical dosimeter 
runs, except the ceric-cerous, were made 


in the 5-ml Kimble ampoules 


Results 
Figure 2 
couple readings versus time for 
runs the 
calibrate the cobalt-60 source. 


shows plots of thermo- 
five 
used to 
Only 


the linear portions of the temperature- 


with calorimeter 


time curves were selected for calcula- 


The different 


fairly constant slope for several tem- 


tion. curves show a 
perature ranges in the interval 30.9° 
to 37.9° C. 

To verify the observation that the 
temperature rise was a true conse- 
quence of radiation absorption and not 
the result leaks in the 


calorimeter, a run 


of possible 
calorimetric 
the 
the assembly thermally insulated. No 


was 


duplicated outside source with 


temperature change was observed 
under these conditions. 

Table | presents data obtained on 
the experimental rise in water tem- 
perature with time (A7'/At) for the five 
Millivolts 
degrees Centigrade by 
1°C = 0.0411 mv. 

The average rate of temperature rise 
for the the 


weighting of each rise with respect to 


converted to 
the factor 


runs. were 


five runs, obtained by 


the duration of the run, was 


A 


-~ = (),00381° C 
At 


min (6) 


The glass used in the 


effective portion of the bulb was about 


weight of 


0.44 gm, whereas the weight of water 
3.03 gm. Therefore, the heat 
equivalent of the calorimeter, Cy, was 
(3.03 & 1.00) + (0.44 0.2) 3.12 
calories/°C, the specific heats of water 


Wiis 


and Pyrex being taken as 1.00 and 0.2, 
respectively. 
The results obtained with the three 
the 
t or bottom 


chemical dosimeters and calo- 


rimeter placed in the No 


position in the source are tabulated in 
Table 2. 


to January, 1953, by use of the known 


The results are normalized 


cobalt-60. 


rate Is an 


half-life of 5.26 
The 


average calculated from the results for 


years fo 
ferrous-ferric dose 
25 different samples irradiated at time 
intervals from 5 to 20 min. The ceric- 
cerous value is an average calculated 
the two samples 


from results for 


26 


irradiated for 60 min and two samples 
120 The meth- 


ylene blue value is an average calcu- 


irradiated for min. 
lated from the results for 41 samples 


irradiated for time intervals of 15 to 


120 min. The dose rates are calcu- 
lated in the case of the ferrous and 
ceric dosimeters on the basis of the two 
yields current in the literature (4, 4). 
Ividently our ferrous-ferric and ceric- 
the 


when compared with the calo- 


cerous results support higher 
yields, 
rimeter value. 

Table 3 shows the results obtained 
for the four different positions in the 
cobalt-60 


separate 


averaged from 15 
both the 
the ferrous-ferric dosime- 
the 
with 


source, 
runs with ceric- 
and 
ters, to 
variation of radiation intensity 
depth. 
intensity from top to bottom in the 
source of about 10%, with the No. 4 
No. 1 the 
and respec- 


The increased intensity at the 


cerous 
calibrate the source for 


There is a total variation in 


and positions receiving 


greatest least intensities, 
tively. 
bottom position might be attributed to 
increased secondary effects at the 
bottom of the source. 

Calculations for y-ray absorption in 
that the 


attenuation of y-ray intensity should 


the materials used show 
be about equal in the calorimeter and 


ampoule holder arrangements (8). 
This was confirmed by runs made with 
the 


essentially 


calorimeter 
the 
received by 
It is, 


ferrous solution § in 
itself, 


same intensity as 


showed 
that 
ampoules in the same position. 


which 





TABLE 3—-Radiation Intensity Distribu- 
tion in Depth of Cobalt-60 Source 


Dose rate 


/ 


reiative lo 


Position No. ¢ 


position 
l top 0.89 
2 0.95 
3 0.09 
t (bottom 1.00 





TABLE 4—Dosimeter Yields Referred 
to Primary Determination of Dose 
Rate by Calorimeter 


Dosimeter 


19.5 uM / 
Cerie-cerous 3.23 pw V /i 
Methylene blue 


(100 wg /em? 


1,000 rep 
1,000 repy 


Ferrous-ferric 


D, = 2.60 < 10 repy 





the 
the chemical dosimeters by 


therefore, possible to calculate 
yields ol 
use of the calorimetrically determined 
dose rate. 


Table 4 


the three chemical dosimeters as calceu- 


summarizes the yields for 


lated from the calorimetrically deter- 
The density of the 


ferrous-ferric and ceric-cerous dosime- 


mined dose rate. 


ter solutions is taken 
Evidently the 
lerric and ceric-cerous dosimeters com- 


as 1.02 gm/cm*, 
yields for the ferrous- 
with those found by 
Miller (2) and Hardwick (4, 11). The 
fact that the ratio of yields, Fe*** 
Ce***, is the same as that found by 
Hochanadel and Ghormley (4) 


pare favorably 


sug- 
gests that any error in the discrepancy 
the 
physical and not the chemical deter- 


between our results would lie in 


minations of dose rate. 
Summary 
The results of this research support 
the 
ceric-cerous dosimeters found by Miller 
Hardwick (4, 11), namely, 
3.3uM /1/1,000 
Independent studies (8) 
a 3-Mev 
tend to 
This is 


the yields for ferrous-ferric and 
(2) and 


about 20 and repg3, 
respectively. 

on cathode ray dosimetry of 
Van de Graaff 


support these 


accelerator 
results. con- 


sidered of importance in studies now 
being conducted in these laboratories 
microbiological 


X-rays, 


on the comparative 


effects of high-energy y-rays, 
and cathode rays. 

The importance of establishing reli- 
the 
ceric-cerous dosimeters is paramount. 


able yields for ferrous-ferrie and 
We are now planning experiments with 
ion chambers in an attempt to obtain 
independent confirmation of the calo- 
rimeter results. 


+ + + 


This 
Atomu 
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under 
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ZIRCONIUM: 


A Structural Material for Nuclear Reactors 


Processes for purification, production, and fabrication 


of zirconium metal have been developed, improved, and expanded 


to a near commercial scale. 


Extensive physical, chemical, 


metallurgical, and engineering data have been accumulated. 


Here is a review of information pertinent to reactor technology 


By E. C. MILLER 
V etallu gu Division 
Oak Ridae 


Ljak R dg 


Vational Laboratory* 


T'ennessee 


DURING THE PAST five years an inten- 
rt, sponsored in large part by 
the Atom 


the na 


ve et 


nergy Commission and 


il reactor program, has resulted 


in the development of zirconium as a 
structural material for nuclear reactors. 
A substantial part of the declassifiable 
information thus developed was pre- 
sented in a recent three-day 
This 
of this information, selected 
to the field of 


sym- 


posium, f article reviews some 


because 
of its interest reactor 


technology. 


REASONS FOR INTEREST IN ZIRCONIUM 


Reasons—nuclear, chemical, and me- 


chanical—for the interest in zirconium 
for structural use in reactors, particu- 
irly as applied to long-range, large- 
Cult itomic powell production, were 
discussed in a paper on “ Zirconium and 
Nuclear Reactors” 


vriter The 


presented by the 
paper will be used as a 
source for this part of the discussion. 


‘| he 


trom its 


interest in zirconium. results 


very low thermal-neutron cross 
ction. its exe eptional corrosion resist- 


ince in certain environments, and its 


rated for AEC by Union Carbide 
bon Corp 
,Osium sponsored by the American 
Metals at the Western Metals 
Los Angeles, Cal., March 24-26, 
Che papers will be published in full 
irtly in a special zirconium volume by the 
American Society for Metals. 
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retention of relatively good strength 
at moderately high temperatures. 

The properties of zirconium make it 
particularly useful in thermal reactors, 
especially if they are to be used for 
power production, where neutron econ- 
regeneration of fuel are 


omy and 


important. Further discussion here is 
therefore limited to thermal reactors 
and to structural materials with low 
thermal-neutron cross sections. 

An indication of the importance of 
utilizing low cross section materials can 
be obtained by developing and examin- 
ing a tabulation comparing regenerative 
efficiencies with the potential fractions 
of uranium consumed in a hypothetical 
reactor. The regenerative efficiencies 
of most reactors are not available in 


the unclassified literature, but a value 


of 0.8 has been released: for Argonne 
National Laboratory's CP-3 research 
reactor. We 
thetical reactor o1 


“assume hypo- 
evele that 
0.7% 


fissionable material), regenerates con- 


will 
reactor 
uses natural uranium (with 
tinuously at an efficiency of 0.8, and 
utilizes the plutonium thus developed 
until all the 


original and regenerated, is consumed. 


fissionable material, 
For the purpose of these calculations, 
then, we will neglect the critical mass 
requirements and buildup of reaction 
products. Then the 
uranium consumed will equal the sum 


fraction of the 


of the geometric progression 


+ (0.007 &* 0.8) + (0.007 
(0.007 * 0.8%) 4 
0.007 


0.007 
x 0.8?) + 


+- (0.007 * 0.8”) 0.035 


] OS 


Similar ealculations, based on other 


regenerative efficiencies, have been 
made, and selected values are included 


This 


tabulation is obviously hypothetical for 


in the table on the next page 


several reasons, among them being the 
fact that, according to the presently 
declassified values for fission and cap- 
the 


regenerative 


ture cross section ol 


theoretically 


plutonium 
attainable 
thermal 


efficiency in a completely 


plutonium-regenerating reactor is lim- 


27 








Fuel Consumption vs Regeneration 


Fraction of 


Regenerative 


uranium con imed 


efficiency 


0.7 0.023 

O.8 0.035 
s4 0.044 
4 0.12 
95 0.14 
OS 0.35 
99 
993 





0.95. The tabulation does 


indicate the 


ited to 
however, importance of 
relatively small increases in regenera- 
tive this 


efficiency—particularly as 


efficiency approaches unity—on_ in- 

creased utilization of fertile material. 
One way of improving these regener- 

ative efficiencies is by the use of low 


cross section structural materials. An 


illustration, based on the data of the 


table, serve to this out 


Consider a reactor which 


can point 
regenerates 
and reuses plutonium and produces an 
excess of 95 neutrons, of which 10 are 
unavoidably lost for reasons other than 
absorption by structural material, for 
each 100 plutonium atoms fissioned 
This leaves 85 neutrons for regenera- 
tion and for losses to structural mate- 
rial. If we now assume a given quan 
tity of structural material, such as 


with a 


aluminum or zirconium, 
which will 
the net 


0.84 


section of about 0.2 barn 
absorb one of the 85 neutrons 
regenerative efficiency will be 
which, according to the table, will use 
up 4.4% of the total uranium 

On the other hand, if we assume an 


equivalent quantity of a high cross 


section material, such as an 18:8 stain- 


steel with a cross section of 3.0 


15 of the available neutrons will 


less 
barns 
be absorbed, the net regenerative 
efficiency will be 0.7, and only 2.3% of 
the total 


Now, il we can in some manne! elimi- 


uranium will be consumed. 
nate the previously postulated loss of 
effi- 
will 


10 neutrons, the regenerative 
ciencies for the selected systems 
0.94 0.8, and the 
utilizations become 12% 
The 


of low cross section materials in ther- 


and fuel 


will 


become 
and 
3.5%, respectively. significance 
mal reactors for long-range plutonium 
power economy thus becomes apparent. 

The emphasis in the foregoing discus- 
sion has been placed on long-range, 
Actually 


there are more immediate reasons for 


large-scale power problems. 


the use of low cross section materials in 
currently operating and proposed re- 
actors. One of these is that excessive 
parasitic absorption requires increased 
Also, if too 


parasitic absorption occurs, the attain- 


fuel investment. much 
ment of criticality or a given power 
level may require that the fissionable 
isotope be enriched above its content 
in natural uranium. 

In addition to a low neutron absorp- 
tion cross section, other stringent 
demands are placed on structural mate- 
rials and components in power reactol 
systems. These include: (1) mechani- 
cal strength and stability under the 


severe stresses resulting from high 
thermal gradients; (2) leak-tight reli- 
ability in high-temperature, high-pres- 
sure, corrosive, dynamic, and radio- 
active cooling systems; (3) resistance 
to mechanical damage by radiation; 
1) limited formation of high-activity 
products by nuclear reactions; and (5) 
adaptability to simple remote main- 


tenance and repair. 


SOLUTION OF HAFNIUM PROBLEM 


The accelerated 
conium development received its initial 
1947-1948 
from the determination, by Pomerance, 
Feldman, and Oak 
National Laboratory, that the thermal- 


section ol 


program of 21 
impetus in the winter of 


others at Ridge 


neutron absorption cross 
zirconium is about 0.18 barn instead 
of the theretofore listed value of about 
3.5 barns. These investigators further 
recognized the discrepancy to be due 
to the 1!5-8% hafnium 


mal-neutron absorption cross section 


whose ther 


is about 115 barns) normally intimately 


associated with zirconium in its ore 
minerals and commercial products 
Not only do zirconium and hafnium 
occur In Intimate association in nature, 
but they 


also exhibit a considerable 


reluctance to disengage themselves 
from that association in most chemical 
In fact, the difficulty of 
their chemical separation approaches 
that 


The technology for producing hafnium- 


treatments. 


involved in isotopic separation. 
free zirconium could not have achieved 
its present state ol development had 
heen for 


it not the development of 


economical methods for effecting sub- 
stantially complete chemical removal 


of hafnium from zirconium and _ for 


further purification of the zirconium 
product. 

Work on several such processes was 
1948. 
was developed and 
plant operation in 1949 by the Mate- 
rials Chemistry Division of Oak Ridge 
National Laboratory. 
process, developed under the direction 
of G. H. Clewett, assisted by W. R. 
Grimes and W. M. Leaders, led to the 
first full-scale production of hafnium- 
1950, the 
full-scale production unit was placed 
in operation by the staff of the Oak 
Ridge Plant (Y-12). 
This plant obtains its feed material 


begun in A successful method 


placed in pilot- 


This successful 


free zirconium oxide. In 


Electromagnetic 


from commercial sources and delivers a 


high-purity, hafnium-free zirconium 


oxide product for less than $5.00 per 
pound 
The 


the plant involve two steps. 


used in 
The first 


step Is the removal of hafnium to about 


purification processes 


Certain of the data pertain- 
this 


50 ppm. 


ing to hafnium separation step 


remain classified and will not be dis- 


cussed further here. The second step 
than 
hafnium, has been accomplished by 
different Initially, 


removal of the Impurities involved the 


removal of impurities other 


two procedures. 
precipitation of zirconium salicylate by 
addition of salicylic acid to a zirconium 
feed, filtration, 


washing, and roasting of the precipitate 


chloride followed by 


product. Subse- 
phthalate 
a precipitant, and the 


to give a pure ZrO 
quently, ammonium was 
substituted as 
precipitated zirconium phthalate, after 
filtration and washing, is treated with 
ammonium hydroxide to regenerate the 
ammonium phthalate. The resultant 
zirconium hydroxide is roasted to pro- 
duce a zirconium oxide product. 

For a time, a third step, chlorination, 
wis employed to produce a Zirconium 
chloride product, but the ehlorination 
step is now performed elsewhere and 
a part of the Oak Ridge 
The purification step reduces 
such elements as Al, Ca, Cu, Pb, Fe, 
Si, Mg, and Mn to less than 50 ppm 


each, but it 


is no longer 


process 


does not remove phos- 
alkali The 


present plant capacity in Oak Ridge 


phorus or the metals. 


is in excess of 1,000 pounds per day of 
The 


plant can also produce a hafnium prod- 


hafnium-free zirconium oxide. 


uct containing less than 2¢ 
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LOCATION OF RAW MATERIALS 


Sources of zirconium raw materials 
were described in “Zirconium Ores” by 
Oliver C. Ralston (Chief Metallurgist, 
Bureau of Mines). The principal 


Ts 


commercial mineral is zircon, the 


silicate, recovered largely from beach 


sands or stream beds where it has 
accumulated along with other heavy 
weather-resistant minerals as a residual 
product of weathering of the granite. 
Large tonnages of these beach sands 
occur on the Florida peninsula and are 
their 


the zircon being obtained as 


worked primarily for titanium 
content 
a by-product. The total tonnage of 
the available sands has not been deter- 
mined, but it is far in excess of the 
currently anticipated requirements for 


zirconium and its compounds. Other 


PRODUCTION OF ZIRCONIUM 


Several processes are available or 
under development for the production 
of zirconium metal and alloys. S. M. 
and Kk. Don Dilling (U. S. 
Mines) in ‘The Manufac- 


ture of Zirconium Sponge” described 


Shelton 


Bureau of 


development of the magnesium-reduc- 
tion process by the Bureau’s laboratory 
at Albany, Oregon, and described the 
present practice for the production of 
zirconium sponge and ingot metal. 
Development of ‘ Consumable-Elec- 
trode Are Melting of Zirconium Metal,” 
at the Albany laboratory 
scribed by W. W. Stephens, H. L. 
Gilbert and R. A. Beall. 


The Bureau of Mines process is an 


was de- 


an earlier magnesium- 
initiated by Dr. 
Work on zirconium 


outgrowth of 
reduction method 
William J. Kroll. 

was begun by the Albany Laboratory 
of the Bureau of Mines in January, 
1945, and 90 grams of zirconium metal 
By the 
end of that year, several pounds of 


was produced in February. 


metal per week were being produced 
for melting, fabrication, and laboratory 
By 1947, a small pilot 
plant was in operation that furnished 
the necessary information for the 
a 5,000 lb/week plant that 
Production 
facilities have expanded almost con- 


investigation. 


design of 
began operation in 1949. 
tinuously as improvements have been 
The 
present sponge capacity of the plant is 
270,000 Ib annually. 
is produced as a by-product at a rate 
of 6,000 Ib annually. 


Vol. 11, No. 7- July, 1953 


made in processing techniques. 


Hafnium sponge 


deposits known to contain zircon are 
gravels in 
Central 


beaches and gold-placer 


California, gold gravels of 
Idaho, beaches along the Oregon Coast, 
titanium-bearing beach deposits at 
Travencore, India and along the east 
coast of Australia, and the placer-tin 
sands of Malaya. 

One other commercial zirconium 
mineral exists, baddeleyite, an impure 
ZrO», which occurs along with zircon 
in the diamond-bearing sands of 
Brazil. The 


separated from the gangue and from 


zirconium minerals are 


the associated heavy minerals by 
various combinations of gravity con- 
centration, screening, and mechanical 
Flota- 


tion has been used in a few instances. 


and electrostatic separation. 


METAL 


Shelton and Dilling described the 
methods and equipment employed to 
briquette purified zirconium oxide ob- 
tained from the Oak Ridge-developed 
processes and to effect chlorination of 
the oxide in a shaft resistor furnace. 
The zirconium chloride is recovered in a 
condenser, and is partially purified in 
this operation as well as in the subse- 
reduction The purified 


quent step. 


chloride is sublimed in a reduction 
furnace and then passed over the sur- 
face of a bath of molten magnesium to 
produce magnesium chloride and zir- 
conium metal plus residual excess mag- 
nesium. The magnesium chloride and 
excess magnesium are removed in a 
vacuum retort, and they leave a mass 
This 


metal is removed and separated into 


of zirconium sponge. sponge 
various grades, which are then ana- 
lyzed and blended into melting-furnace 
charges. 

Melting zirconium is a major prob- 
lem, because, when molten, it reacts 
with every known crucible material. 
The first 
melted in graphite crucibles by induc- 


Kroll-pr« ess pre xluct was 


tion or graphite-resistor furnaces. To 
eliminate carbon pickup, most melting 


is performed today in are-melting 


furnaces, with water-cooled copper 


crucibles and helium or argon atmos- 


pheres; however, vacuum melting is 


feasible. Tungsten-tipped electrodes 


have been used, but for most melting, 
today, use is made of consumable elec- 
trodes of cold-pressed bars of sponge 
form continuous 


that are welded to 





REACTOR MATERIALS... 


. are the subject of a con- 
series of articles in 


Beryllium 
May issue 


tinuing 


was dis- 


(p. 62 


discusse d he re € 


V ucleonics. 

cussed in the Qk 
zirconium is 
ceramics starts 


Other ma- 


status report on 
on p. 20 of this issue 


will be 


cee ding issues, 


covere d in 


The Editors 


te rials suc- 











electrodes. The ingot thus produced 
consumable 


still 


can be remelted as a 


electrode to achieve greater 


homogeneity. 
Alloy additions are made in small 


amounts that are introduced periodi- 
cally in melting the first ingot. 
as large as 450 lb have been cast to 


Ingots 


10-in. diameters, and much larger ones 
can be made if requirements warrant 
construction of the larger equipment. 
The hafnium separated in the puri- 
fication step can be similarly converted 
to sponge and melted to ingot form. 
Although zirconium powder is not 
used in the principal production proc- 
esses, it does have some direct applica- 
tions as a powder, and some potential 
applications in powder-metallurgy 
methods for the fabrication of zirco- 
nium metal and its alloys. The various 
methods for the production of zirco- 
nium powder were reviewed, described, 
and evaluated in ‘The Production of 
Herbert 3. 


Products, 


Powder,” by 
Electric 


Zirconium 
Kalish (Sylvania 
Inc.). 

M. A. Steinberg, M. E. Sibert, and 
E. Wainer (Horizons, Inc.), in “The 
Extractive Metallurgy of Zirconium by 
the Electrolysis of Fused Salts,” 
extensive 
They 


reported the development of a founda- 


pre- 
sented the results of an 
investigation of the subject. 
tion for an extractive metallurgy proe- 
ess for the production of pure ductile 
zirconium using an inert atmosphere 
cell with an inert crucible anode bath 
containing K.ZrFky, previously purified 
by recrystallization and pre-electroly- 
sis, and an operating temperature of 
800 to 850° C. 

Many thousands of pounds of zir- 
conium ingots have been produced by 
are-melting iodide crystal-bar zireo- 
nium, according to a paper, ‘‘ Fabrica- 
tion of Zirconium,” by R. B. Gordon 
and W. J. Hurford (Westinghouse 


29 








Properties of Zirconium 


Mechanical properties are not given because 
there is not enough unclassified engineering data 
consistently representative of current production. 


Melting Point (° C) 1,845 + 25* 
Allotropic transformation 
temperature (° C) 
Density at 20° C 
(gm/cm’) 6.490 
Specific heat (cal mole ° C) 
25-100° C 
aZr, 862° C 
8Zr, 862-1,127° C 
Electrical resistivity, 0° C 
(uohm cm) 


863 + 3} 
t 0.001 * 


6.32* 
8.037 
7.27) 


39.7" 


Temperature coefficient of 
resistivity, O0-200° C 
(per C) 0.0044 + 0.0001 i 
Modulus of elasticity 13.9 * 10' 


Linear coefficients of 
thermal expansion (per C): 
X-ray: c-axis 10.3 + 0.5 x 10 
a-axis 4.5 + 0.5 x 10 
Rolled sheet: 
thickness 6.7-10.1 
transverse 4.8-6.4 + 0.4 * 10°°S 
rolling 4.6-5.9 + 0.4 x 10°°S 
Lattice constants® a c c 
aZr 
(C.P. Hex.) 3.23 5.14 
8Zr 
(BCC-850° C) 3.61 


+ 0.4 X10-°S 


1.60 


*H. K. Adenstedt, Trans 
Metals 44, 949 (1952) 
+E. P. King, J. P. Coughlin 
Chem. Soc. 72, 2262 (1952 ( 
+ et? For aZr a 6.83, b 
1073, « O.87 For 8Zr: a 7.27.]| 
tF. W. Boulger, AECD-2726 (1949 
§ R. MeGeary, B. Lustman, 7'rans. Am 
Inst. Mining Met. Engrs. 3, 994 (1951 
GR. W. G. Wyckoff, “Crystal 
tures,”’ vol. 1 (Interscience Publishers 


York, 1951). 


struc 


New 





They stated 


requirements 


Atomic Power Division) 
that AEC’s 
during 1950 and 1951 were melted from 
crystal bar produced by Foote Mineral 
The io 
dide process is also known as the van 
Arkel or the de Boer-Fast process. It 
involves the 
tetraiodide by reaction between iodine 
vapor and crude zirconium powder o1 


most of 


Company or Westinghouse. 


formation of zirconium 


Kroll process sponge, followed by the 
thermal dissociation of the zirconium 


tetraiodide ah a hot filament of zir- 


30 


The 


builds up in crystal form on the fila- 


conium or tungsten. zirconium 
ment, and iodine is released to react 
with more crude zirconium. A paper, 
‘Some Aspects of the Iodide, or Hot 
Wire, Manufacture of 


Process for 


Zirconium,” by W. M. 
Mineral Company), described experi- 


taynor (Foote 


mental development, specifications for 


production procedures, and perform- 


ance of a semicommercial, iodide- 


zirconium plant. 


FABRICATION OF ZIRCONIUM METAL 


In working out the technology for 
using a new material, one of the most 
difficult tasks is the development of 
methods for fabricating the material 
into reliable engineering components 
while retaining, or even Improving, the 
structural properties of the materials. 
The Hurford 


also reviewed the development work 


paper by Gordon and 
of the past four years and described 
and discussed present practices in the 
hot and cold working and secondary 
mechanical working of zirconium. 

The development of the present state 
of zirconium fabrication technology 
represents one of the major and most 
difficult accomplishments of the entire 
zirconium program. Much of the work 
was done at Westinghouse, with signifi- 
cant contributions coming from other 
laboratories under AKC sponsorship 
and experimental fabrication being car- 
ried out by several industrial companies. 
Argonne National Laboratory is among 
the participating organizations whose 
contributions 
there 


substantial were ac- 
knowledged, 
paper in the symposium that directly 
reported their work. 

zirconium has a 


although was no 


Pure hexagonal, 
close-packed (alpha) structure at tem- 
up to 1,590° F (865° ©), 
which the structure is 
(beta). All 
zirconium shows preferred grain orien- 
tation, but no difficulties 


resulting from this behavior have been 


peratures 
above body- 


centered cubic wrought 


fabrication 


reported. The metal is inherently fine 


grained. It is readily hot worked by 
forging or rolling where the metal is 


covered with a layer of oxide, Ex- 
trusion and drawing processes are more 
difficult they 


lubrication to prevent seizing to the 


since require special 
working surfaces, there being no pro- 
tective oxide film available. 
Depending upon the ty pe ol material 
and sizes of ingots and desired bars or 
slabs, 
at 1,400 
1,500° F 
sheet, the starting 
1,400-1,550° F, 


peratures are 


forging temperatures may start 
1,900° F and finish at 1,100 

For hot re-rolling to strip o1 
temperatures are 
and the finishing tem- 
1,100-1,300° F. The 


hot-worked material is 


must be 


scale on very 


tenacious and removed by 
shotblasting, followed by a 


Hot 


1.380 


sand or 
HNQO;-HF pickle. 


from 


extrusion, at 
temperatures 1,825° F, 
is feasible, but special precautions are 
required to avoid seizure and welding 
to the dies and tools The precautions 


billet 


more recently, using 


involve encasing the extrusion 
in a steel can, or, 
the Ugine-Sejournet process in. which 
glass serves as the lubricant. 
Zirconium tubing has been produced 
by extrusion, tube-reducing and cold 
well as by inert-gas- 


rolled 


Rod and wire have been produced on 


drawing, as 


shielded-are welding of strip 
conventional equipment by using ap- 


propriate temperatures, intermediate 
anneals where required between cold- 
reductions, and special lubricants. 
Strip and sheet can be cold-rolled 
satisfactorily, slit, sheared, and blanked. 
Cans can be formed by deep drawing, 
and by successive 


Impact extrusion, 


drawings with intermediate anneals. 
Recrystallization 
835 to 1,020° F 


to the material and extent of cold work. 


temperatures vary 


from about according 
Annealing after hot working is gener- 
ally, performed in air at 1,300—1,550° F. 

The usual grades of zirconium can be 
machined satisfactorily by all standard 
operations, but this zirconium is some- 
what abrasive, particularly if oxide 
scale is present, and fairly high tool 
These 
with 


grades work- 
dull tools 
they build up on the tool under some 
Work-hardened chips 


scratch finished surfaces when dragged 


weal results. 


harden rapidly and 
conditions. 
them and must be thrown clear 
work. Light 


Thiiie hining create fire hazards because 


ovel 


of the cuts and dry- 
of the pyrophoric nature of the thin 
fact, 


must be taken in all machining opera- 


chips; in constant precautions 
tions because of this fire hazard. 

In connection with the study of the 
mechanical working and annealing of 
zirconium, W. A. Bostrom and 8. A. 
(Westinghouse Atomic 


tecovery of 


Powe! 
Cold- 


’ presented results 


Kulin 
Division), in 
Worked Zirconium 
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of a study of the annealing kinetics of 
cold-worked zirconium, as determined 
changes in 


by electrical resistivity 


comparison with the results obtained 


by hardness measurements and X-ray 


ZIRCONIUM ALLOYS 


Conventional commercial alloys of 
other metals are largely the result of a 
long period of evolution and a vast 
amount of empirical investigation. In 
recent | the science of metals has 
developed to the point that some of the 
effects of alloy additions can be pre- 
dicted 
substitute for the determination of the 


ears 


but there is still no complete 


simpler phase diagrams, concentrated 
experimental investigation of the more 
promising regions of these and the more 
complex multicomponent alloy systems, 
and the accumulation of engineering 
experience obtained in the actual use of 
such alloys 

The previously mentioned paper by 
and Hurford that to 


date there has been no extensive appli- 


Gordon states 
cation of zirconium alloys but that it 
is probable that a demand will arise for 
alloys with improved properties, in- 
increased that will 
hot-working tempera- 


cluding strength, 


require higher 
tures and heavier cold-working equip- 
ment. The presently considered alloys 
use a sponge zirconium base metal and 
a maximum total alloy content of 
about 2% 

Analyses of the application of the 
principles of metal science to the pre- 
diction of alloying tendencies result- 
ing from additions made to zirconium 
were contained in, ‘“‘A General Com- 
parison of the Metallurgy of Zirconium 
with that of Better-Known Commer- 
cial Metals,”” by A. D. Schwope (Bat- 
telle Memorial Institute) 
invited contribution prepared in the 
form of a discussion by P. C. L. Pfeil 
(Atomic Energy Establish- 
ment, Harwell, England) and _ pre- 
sented by H. M. Finniston (Head, 
Metallurgy Division, AERE). 


Of particular concern in 


and in an 


Research 


the 
of zirconium is its susceptibility to 
notch-embrittlement 
under This 
discussed by Schwope and in “ Effeet 
of Hydrogen on the Embrittlement of 
Zirconium and Zirconium-Tin Alloys,” 
by W. L. Mudge, Jr. (Westinghouse 
Atomic Power Mudge re- 
ported the suscepti- 
bility to be independent of type of base 
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use 


low-temperature 


certain conditions. was 


Division). 
embrittlement 


diffraction studies. Some 


occurred even 


recovery 
at room temperatures, 
an appreciable amount at 100° C, and 
it was relatively rapid at still higher 
temperatures. 


material, tin content of alloy, and melt- 
ing 
pendent upon the hydrogen content of 
the material, coupled with the heat 
treatment given the hydrogen-contain- 
Heat treatments that 
produce embrittlement susceptibility 


procedure, and principally de- 


ing material. 


apparently result in the precipitation 
ol a hydrogen-containing compound, 
whereas the hydrogen present remains 
in solid solution in material that has 
heat-treated to the 
susceptibility. 

Summarized briefly, the data ob- 
tained by standard Charpy V-notch 
impact testing of heat-treated mate- 


been eliminate 


rials indicated that: 

1. The low-temperature embrittle- 
ment susceptibility can be largely 
eliminated by reducing the hydrogen 
content to less than 10 ppm, generally 
by vacuum annealing in the neighbor- 
hood of 1,800° F. 


2. Precipitation and consequent em- 


brittlement susceptibility can be de- 
veloped in material containing 30 to 
50 ppm hydrogen by slow cooling 
through the range from 600 to 500° F, 
and the precipitation can be suppressed 
by water quenching through this range. 

3. Precipitation 
water-quenching 


than 100 


cannot be sup- 


pressed by mate- 


rial containing more ppm 
hydrogen. 

Rapid, precise methods developed 
and employed for the determination of 
hydrogen in this important investiga- 
tion were described in ‘‘ Determination 
of Hydrogen in Zirconium by the Hot 
Vacuum Extraction Method,” by R. K. 
McGeary Atomic 


Power Division). 


(Westinghouse 


The development of a new metal and 
new alloys requires the development of 
techniques for their 
M. Cain, Jr. (West- 


] Jivision) in 


metallographic 
examination. — F. 
inghouse Atomic Power 
“A Simplified 
Metallography of Zirconium and Haf- 
described a 


Procedure for the 


nium and Their Alloys,”’ 
chemical polish etch suitable for a 
5-min sample preparation that does not 
include mechanical or electrolytic pol- 
ishing and is suited to bright-field ot 
polarized-light observation and a va- 
riety of other applications. 


CORROSION RESISTANCE OF METAL AND ALLOYS 


Under 
purity” 


“The Corrosion Resistance of Zirco- 
nium and Its Alloys,’ one of the out- 
standing properties of the material, was 
the subject of a paper by Lex B. Golden 
(U. S. Bureau of Mines). 
test 


The paper 
behavior of 
metal: (1) 

hafnium- 


reported corrosion 
different 


induction-melted, 


three types of 
graphite 
containing, ‘“ordinary-purity”’ metal; 
(2) graphite induction-melted, “‘high- 
metal; and (3) 


purity” low-hafnium 


are-melted, “high purity’ low-haf- 
nium metal. 
Most of the test 


were based on “ ordinary-purity ”’ metal, 


available results 
which showed almost complete resist- 
ance to organic acids and inorganic 
chlorides, with the exceptions of ferric 
and The 
latter produced an embrittlement type 
of attack. 

Tests on the two types of “high- 
purity ”’ the 
melted material to have almost com- 


cupric chloride solutions. 


materials showed are- 


plete resistance to concentrated hydro- 
chloric acid under pressure at 60 and 
at 100° C, whereas the induction-melted 
severely embrittled. 


material was 


“ordinary- 
The 


showed su- 


similar conditions 
samples disintegrated, 
are-melted material also 
red 


8% 


perior Corrosion resistance In 


fuming nitric acid, in aerated 
sulfuric acid, and in aerated 20% ferric 
chloride The 
melted, “high-purity ”’ 


perior in aerated 85% phosphoric acid 


solution. induction- 


metal was su- 
and in fuming sulfuric acid, 

With reference to zirconium alloys, 
Golden stated that they are not likely 
to be superior to the pure unalloyed 
metal, but that there are possibilities 
of using one alloying constituent to 
offset the detrimental corrosion effects 
of another in making zirconium alloys. 
On the other hand, additions of moder- 
ate amounts of zirconium may improve 
the corrosion resistance of other metals 
He cited a 13.8% 
to titanium that produced a manifold 


zirconium addition 


increase in corrosion resistance ove! 


titanium in 5% hydro- 
1OY 


10% phosphoric acid. 


unalloyed 


chlorie acid, sulfuric acid, and 


Similar results 
90 % 
peroxide. END 
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Nuclear Emulsion Techniques 
for the Measurement 
of Neutron Energy Spectra 


By LOUIS ROSEN 

University of California 

Los Alamos Scientific Laboratory 
Los Alamos, New Mexico 


NEUTRON SPECTROSCOPY is of 
mount importance in 
of applied and basic nuclear research. 
Because of the sensitive way in which 
neutron 
energy, neutron spectrum determina- 
tions are of particular importance to 
the design of nuclear reactors. 
Measurements of neutron energies 
and intensities can now be made with 


para- 


many phases 


cross sections vary with 


sufficient precision to permit accurate 
determination and classification, with 
regard to total angular momentum and 
parity, of nuclear energy levels (1) and, 
in a more general sense, to give better 
insight into the mechanism governing 
nuclear disintegrations in which neu- 
trons are emitted (2, 3). Quite often, 
less precise measurements of neutron 


energy distributions are also of con- 


siderable value. Such is the case in 


neutron cross-section measurements, 
where it is usually necessary to know 
not only the precise energy of the 
incident neutrons but also the magni- 
tude and distribution in energy of the 


background neutrons. A case in point is 


the Li’ (p,n) Be’ reaction, which was used 
as a monoenergetic neutron source for a 


good many years before it was dis- 


covered, by means of nuclear emul- 
5, 6), that above 800 kev there 


is a significant contribution of neutrons 


sions ( f, 


corresponding to the 330-kev level of 
Be’. 

Neutron spectrum measurements are 
fundamentally difficult for two reasons. 
In the first place, neutron energies must 
be measured through a secondary 
process involving a charged reaction 
product. The number of neutrons 
detected is thus proportional to the 
product of two nuclear cross sections, 
one corresponding to the initial produc- 
tion of the neutrons, and the other 
corresponding to a neutron interaction 
in which a charged particle is emitted. 
Intensity is therefore often a 
serious problem. The second difficulty 


very 


arises when one is attempting to deter- 


mine the number of neutrons as a 
function of energy over a wide energy 
that 


efficiency of detection is a rapidly vary- 


interval and is due to the fact 
ing function of neutron energy. 

A bibliography (1-61) on neutron 
spectrum determinations involving the 
use of nuclear emulsions is given at the 
end of Part 1 of this article. 


DEVELOPMENT OF EMULSION TECHNIQUE 


The developments in the photo- 
graphic emulsion technique up to 194] 
are summarized in a review article by 
Shapiro (62). that very 
remarkable progress has been made. 
A rather complete account of the 
state of the art as of 1947, 
with the basic principles involved and 


Since time 


together 


the possible applications of the tech- 
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nique, are given in a book by Powell 
and Occhialini (17). Since 1947 there 
have appeared review articles by 
Yagoda (63), who also published a book 
on the subject (64), Demers (65), 
Webb (66), and Beiser (67). A rather 
extensive survey of the nuclear emul- 
sion technique was made by Rotblat 
(68), who managed, in a limited space, 


to give a remarkably complete account 
of the general aspects of the technique, 
the types and characteristics of pres- 
ently available emulsions, processing 
and analyzing procedures, and most of 
the important applications. 

The general principles and experi- 
mental procedures involved in making 
neutron spectrum determinations with 
photographie emulsions are quite sim- 
ple. It is this simplicity, in addition to 
the small size, continuous sensitivity 
of the detectors, and permanency of 
the record, that imparts to the method 
much of its elegance and usefulness. 
Furthermore there are very significant 
advantages to be realized (especially by 
way of minimizing uncertainties from 
background, which is ever-present in 
neutron experiments and usually deter- 
mines whether an experiment is feasi- 
ble) in being able to determine the 
ionizing particle 
track. In 


nuclear 


direction of the 
responsible for a given 
virtually all applications of 
emulsions to neutron spectroscopy, use 
is made of the length and orientation 
of the tracks of charged particles to 
infer the energy of the incident neu- 
and the 


these quantities are measured deter- 


trons, precision with which 
mines the resolution of the method. 
One of the major objectives of the 
present paper is, therefore, to give an 
account of the methods that have been 
developed for accurately determining 
the length and spatial orientation of 
the track of 
photographic emulsion. 
Of the 


emulsions 


a charged particle in a 


nuclear 
best 
suited to most neutron spectrum work 
are the Eastman Kodak NTA 
NTB plates and the C2 emulsions of 
Ilford Ltd., England. Of 


various types of 


now available, those 


and 
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In a detailed review, measurement procedures for extended neutron 


sources are presented, together with and introduction to the discussion 


of point sources. 


A preliminary discussion gives specific emulsion 


processing techniques and evaluates available optical equipment 


the Eastman plates, the NTB are more 
sensitive and preferable to the NTA 
plates in work with neutrons of energy 
than 10 Mev. Nuclear emul- 
sions are regularly produced in layers 


greatel 


up to 600u thick on glass backings 1.25 
to 1.40 mm thick. In this laboratory we 


PART ONE 


use 2004 emulsions on 1 in. X 3 in. 
glass backings for most of our neutron 
work, with occasional use of 400u layers 
for work with neutron energies in excess 
of 15 Mev. 
proton energy in C2 and NTB emul- 


The maximum detectable 


sions is approximately 50 Mey. 


PROCESSING NUCLEAR EMULSIONS 


Although each manufacturer sug- 
gests adequate techniques for proc- 
Dr. A. H. Arm- 
M. Gibson, of this 
that, for 


neutron spectrum work in which it is 


essing his emulsions, 
Mrs. 


have 


strong and 


laboratory, found 


important to determine the sense of the 
particle producing the trajectory, the 
following developing procedures may 
be used to best advantage: 

The 100u and 200u plates are devel- 
oped by a combination of the two- 





TABLE 1—400u-PLATE PROCESSING 


100 min presoak in distilled water 
50 min in developing solution A 


50 min in developing solution B 


Initial Final 
temperature temperature 
(° F) (° F) 

70 40 
10 40 
10 40 


20 min dry developing (see procedure for 200u plates) 10 


5 min dry cooling 
100 min in 2% acetie acid 
Remove surface silver 
» } 


renewal of hypo* 


70 10 
19 


ir in neutral hypo with agitation and continuous 


10 10 


24 hr in hypo with constant water dilution at the same 


rate as above 

3 hr to raise the temperature 
24 hr wash 
Flexogloss 
1 week drying at 50% R. H. 


30 min in 6% 


* Agitation is performed by bubbling nitrogen through the solution. 


18 hr 


10) 40 
10) 60 
60 60 
10) 10) 


— 


io io 


During the first 


neutral hypo is used, new hypo being added constantly while old hypo is flowing 
out. During the last 4 hr, acid hypo is added rather than neutral hypo 


The rate of flow 


po is such as to transfer each hour a volume of new (and old) hypo equivalent to one- 


If the volume of the bath. 
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solution method (69) and the tempera- 
ture-development method devised by 
Dilworth, Occhialini, and Payne (70). 
The plates are first soaked in distilled 
water for 1 hr; during this time the 
from 21° to 


placed 


temperature is lowered 
5° C. They are then con- 
secutively in solution A for 50 min and 
in solution B* for 50 min, both solu- 
tions being maintained at 5° C. 

Upon removal from solution B the 
plates are placed glass side down, on 
toweling at a temperature of 
22° C 


room 
, and permitted to remain so for 
10 min. 
consecutively into a stop bath of 2% 


The plates are then placed 
acetic acid for 15 min (at the end of 


which time the surface silver is re- 


moved by rubbing lightly with the 
finger tips), into neutral hypo for 4 hr 
(hypo changed every hour), acid hypo 
for 30 min, and finally into wash water 
for 2 hr. 


water are all 


The acetic acid, hypo, and 
wash maintained at 
approximately 22° C, and all solutions 
are agitated mechanically. The plates 
are permitted to dry at room tempera- 
ture and 50% relative humidity while 
lying horizontally, emulsion side up. 
Our 1OO0u 
plates follows closely the procedure of 
Dilworth, Occhialini, and Payne (70) 
as modified by the Naval 


method for processing 


Research 


Laboratories (71). It is outlined in the 


table on this page. 
If the plates have been in a vacuum, 


or otherwise desiccated, there is a 


tendency for the emulsion to separate 


* The formulas used for the two-solution 
technique (69) are as follows: 

Solution A: 2.2 gm of metol, 48.0 gm of 
sodium sulfite, 8.8 gm of 
4.0 gm of potassium bromide, and water to 
make 4 liters. 

Solution B: 800 ce of stock Kodak D-19, 
3,200 ce of distilled water, and 32 gm of 
sodium carbonate 


hydroquinone, 
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from the glass backing. This so-called 
peeling may occur while the plate is 
being desiccated, during development 
or after development, even though the 
plate is stored at 68° F and 50% rela- 
may be in- 


tive humidity. Peeling 


hibited by coating the edges of the 


OPTICAL EQUIPMENT FOR 


In most experiments using nuclear 
emulsions, the time involved in expos- 
ing and processing the plates is quite 
negligible compared to the time required 
for analyzing the plates. That this 
situation obtains is obvious from the 
fact that the data, as recorded in the 
processed emulsions, have the form of 
rows of grains of colloidal silver, each 
grain less than Iu in diameter. These 
rows of black grains, which identify the 
trajectories of the ionizing particles, 
100 % 
and then measured with high accuracy. 
The plate analysis work thus requires 


must be found with efficiency 


precision optical equipment which per- 


mits rapid without undue 


nervous or physical strain on the ob- 


progress 
server. Since most of the scanning is 
done by people who have no particular 
aptitude for geometrical optics, the 
optical train should lend itself to accu- 
rate alignment in a reasonable time 
and, once aligned, should be 


turbed by small disturbances. 


unper- 


Microscopes 

We use two types of microscopes in 
the Los Alamos nuclear-plate labora- 
tory, the Cooke, Troughton, and Simms 
(CTS), type M4005, and the Leitz 
Ortholux. 

CTS microscope. 
feature of the CTS microscope is the 
precision mechanical stage with which 
it is fitted. 
ball bearings, spring-loaded to avoid 
“backlash,” and activated by mi- 
crometer movements in the XY and } 
directions. The the 
micrometer heads make possible the 


The outstanding 


This stage is mounted on 


graduations of 


reading of the position of the stage to 
an accuracy of somewhat better than 
Qu. 
setting of the beginning of a track on a 
given point in an eyepiece graticule. 
The measurement of the track is car- 
ried out by means of the micromete: 
screws. Finally, the return of the 
slide to its original position on the 
stage is accomplished by resetting the 
their 


A superstage makes possible the 


micrometer screws to original 
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plate with collodion or clear lacquer. 
Dr. G. M. Frye, of this laboratory, has 
found that branding the edges of the 
plate with a hot wire at any stage of its 
desiccation, before 


history (before 


development or after development 


greatly inhibits peeling. 


PLATE ANALYSIS 


settings. Depth measurements are 
made with the fine-focus screw, which 
is activated by a dial graduated in 
intervals corresponding to an objective 
and eyepiece motion of Iu in the verti- 
cal direction. 

Leitz Ortholux. The Leitz Ortholux 
microscope is optically the equivalent 
of the CTS and is even preferable in 
some respects. For example, the align- 
ment of the optical train is simpler and 
Also the rigidity of the 


instrument is such that, once aligned, 


less critical. 


unusually rough treatment is required 
to misalign it to such an extent that 
more than half a minute is required to 
realign it. 

However this microscope, as pres- 
ently manufactured, has the very dis- 
tinct disadvantage that the stage is 
not equipped with micrometer move- 
ments. This has been overcome by 
fitting the stage with a precision screw 
drive in the Y direction and a super- 
consisting of a  micrometer- 


stage 


driven ball-bearing assembly, which 


FIG. 1. 
details of stage modifications 


Leitz Ortholux microscope as adapted for nuclear emulsion work. 


moves the plate in the X direction, and 
can itself be moved in the X direction 
by a rack and pinion. The superstage 
makes possible the measurement of a 
displacement in the X direction with 
an accuracy of 1.54 in 100 and 3y in 
1,000. 


tion 


Measurements in the Y direc- 
can be made with comparable 
accuracy.” 

Tracks less than 100u in length are 
usually measured with a calibrated 
eyepiece graticule fitted into one of the 
the 


measured with an eyepiece 


eyepieces. Angles in horizontal 
plane are 
protractor or with an eyepiece graticule 
ruled into 100 squares. The eyepiece 
protractor has a graduated scale, which 
the the 


piece to be read to a few tenths of a 


permits orientation of evye- 


degree. However, the characteristics 
of the track usually preclude the align- 
ment of the fiducial line to better than 
0.5 Depth 
made the 


arrangement 


measurements are 


deg. 


with fine-focus screw, a 


mirro! being used to 
facilitate reading of the graduations on 
the fine-focus adjustment drum.  Fig- 
ure | shows a photograph of a Leitz 
Ortholux microscope with these ad- 


aptations, 


Optical Components 
The optical components of a micro- 
scope used for neutron spectrum work 


* The above stage adaptations were en- 


gineered and built for us by Erb and Gray, 


Los Angeles, Cal 


Insets show 
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should be of high precision in both 


substage condenser and _ objective. 
Our microscopes are all of the binocular 
type with highly corrected substage 
condenser, apochromatic oil-immersion 
objectives, and compensating or peri- 
components 
insure small depth of focus as well as 
adequate flatness of field. Most of our 
work is done with 60-120 X objectives 


and 6X eyepieces; sometimes 45 X oil- 


plan -eyepieces. These 


immersion objectives are useful. 

The choice of high-power objectives 
is very often determined by the work- 
Our high- 
power objective on the Cooke, Trough- 
ton, and Simms is the 80, 2.2 mm, 
oil-immersion apochromat which has a 


ing distance.* standard 


free working distance of approximately 
240u.T 
jective is the 92 X, 2 mm, oil-immersion 
with approximately the 
Both objec- 
tives have a numerical aperture of 1.3, 
realized 


The corresponding Leitz ob- 


apochromat 
same working distance. 
however, cannot be 
unless the makes 
with the plate through a film of oil. 
Since emulsions shrink by a factor of 


which, 


condenser contact 


about 2.3 in processing, both of the 
adequate for 
emulsion layers up to 400g. 

In addition to the standard objec- 
tives listed above, Cooke, Troughton, 
and Simms make a 3.75 mm oil-immer- 
sion fluorite objective (N. A. 0.95, mag. 
45), which has a working distance of 
420u. Leitz has recently developed 
some special nuclear 
plate work, among which are a 100X 
apochromat with a free working dis- 
tance of 370u and a 53 fluorite with a 
free working distance of 1,000u. 


above objectives are 


objectives for 


The eyepiece under the operator’s 
dominant eye is equipped with an eye- 
piece graticule divided into 100 squares. 


This graticule defines the area of the 
field of view and is calibrated with a 
Bausch and Lomb stage micrometer, 
which was 
0.1% by 
methods. 

tains a glass disk of optical path equiva- 
lent to that of the graticule. A line 
engraved along a diameter of this disk 


ruled to an accuracy of 
means of interferometric 


The second eyepiece con- 


serves as a fiducial line when making 
measurements of angles in the hori- 
zontal plane. In calibrating an eye- 
piece graticule, it must be borne in 
mind that the calibration is a function 
of interpupillary distance. 

Since both the CTS and the Leitz 
Ortholux microscopes have built-in 
illumination, we find it quite con- 
venient to align the instruments for 
critical or Kéhler illumination. 


Depth Measurement 
The most difficult 
make with a microscope of the types 
here described is the angle of dip of the 
track. 
Oil-immersion objectives obviate the 


measurement to 


necessity for making corrections for the 
index of refraction of the emulsion, 
well matched by 
even 


which is cedar oil. 
However, 
high-numerical-aperture objectives, the 
depth of focus is approximately 0.4y, 
and this sets an upper limit on the accu- 


with high-powered, 


racy attainable in depth measurements. 
Furthermore, one must be cognizant 
of the fact that the highly corrected 
apochromatie objectives are not free 
from curvature of the field. This 
means that depth measurements must 
be made on grains equidistant from the 
center of the field of view or at the 
same spot in the field. The latter 
method eliminates errors due to mis- 
alignment of the optical train. 


EXTENDED ANISOTROPIC SOURCES 


There are two general categories of 


* Other considerations are: 

1. For oil immersion systems in which the 
numerical aperture (N.A.) of the condenser 

> N.A. of objective, the depth of focus in 
microns & (250/M N.A.) + (2.5 X 105/ 
M?). where M total magnification. 

2. The magnification of an inclined binoc- 
ular microscope of the types here described 
~ 270 X Mev focal length of objective 
(mm 

3. Lin 
N.A 

4. Resolution in lines/em 2 K N.A./X 
2.7 KX 10° & Meyepiece /focal length 

), whichever is smaller. 


it of useful magnification > 10° x 


(cm or 
of objec 

+t Free working distance is here defined as 
the processed emulsion thickness through 
which one can view with a given objective. 
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tive (em 


neutron sources with which one is con- 
cerned in neutron experiments. These 
may be classified as extended, aniso- 
tropic sources, such as one finds inside 
a nuclear reactor, and point sources, 
The latter are, of course, much to be 
the 


neutron energy measurements. 


preferred from standpoint of 


Proton-Recoil Method 


To the best of the author’s knowl- 
edge, the first 
attempt to measure the distribution in 
the 


reasonably successful 


energy of neutrons from an 


Horizontal plane 
O 























Vertical plane 
0 




















Before processing -- 


After processing ~~ 4 


FIG. 2. Orientation of track in unprocessed 
and processed emulsion 


extended anisotropic source, using 
photographic emulsions, was made by 
Nereson and Reines (72). These in- 
vestigators attempted to measure the 
neutron spectrum inside the Los 
Alamos fast reactor. 

The method adopted for these meas- 
urements was, in principle, the same 
as that used by Zinn and Szilard (73) 
with ionization chambers In the 
experiment of Nereson Reines, 
nuclear plates were exposed inside the 
fast After the 
procedure was to measure all recoil 
tracks that 
within a 


reactor. processing, 


proton were completely 


contained given volume of 
emulsion. 
The flux of neutrons per unit energy 


interval is then given by 


AE 


adN(E) 
nonp(E) dE 


F(E) = 


where A is the plate area analyzed, n is 
the number of H'/em?* of emulsion, 
and N(E) is the number of 
(corrected for their 
leaving the emulsion) in unit energy 


protons 
probability of 


and @,_» is the 
the 


interval at energy EF, 
n-p scattering cross section at 
same energy. 

Figure 2 illustrates the geometry 
involved in the determination of the 
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energy of recoil protons. The length 
of the recoil-proton track is given by 
L = R, sec@ secp where the. notation 
refers to the unprocessed emulsion, R, 
being the projection of the track in the 
horizontal plane along a given axis 
(usually parallel to the long 
axis). @, the angle of dip in the un- 
processed emulsion, is related to #’, the 


plate 


corresponding angle in the processed 
emulsion by S = tan ¢/tan ¢’, where 
S is the shrinkage factor for the emul- 
sion. The energy of the proton can be 
inferred from L and the range-energy 
relation for protons in the emulsion 
being used (74-76).* The correction 
for the varying probability of tracks of 
different lengths leaving the emulsion 
can most easily be obtained for each 
track measured the 
P = (L, sin $’)/t where P is the 
probability that a track of length Ly, 
making an angle @’ with the plane of a 
processed emulsion of thickness ¢, will 


from relation 


penetrate one or the other of the emul- 
sion surfaces. This implies that each 
track that is 
within an emulsion volume of thickness 
t represents t/(t — Ly sin @’) tracks of 
equal L, and @’ and implicitly assumes 
that the tracks 
assumption which, as we shall see later, 
this 


completely contained 


are rectilinear, an 


is not quite justified. However, 
assumption introduces negligible error 
when the track lengths are small com- 
pared to the emulsion thickness 

Difficulties of method. 


determining a 


This 
method — of neutron 
spectrum unfortunately involves large 
the differ- 


entiation of the proton energy distribu- 


uncertainties arising from 
tion and the variation of the effective 
shrinkage factor of the emulsion with 
dip angle @ for angles > 25 deg (7? 

It has recently been found that the 
difficulties the 
measuring tracks with large dip angles 


due to for 


necessity 
can be eliminated in one of two ways. 
Dr. John Evans, while at Los Alamos, 
measure- 
the 
exposure of two plates in planes 90 deg 
(61). In 
tracks are measured if @ is less than 


proposed and made some 


ments with a method involving 


apart one of these plates, 
45 deg, while in the second plate only 
those tracks that fall in the supple- 
mentary cone are measured. 

An alternative method for avoiding 
the difficulties caused by the variation 


* The range-energy relation for protons in 
C2 emulsion is now known to an accuracy of 
approximately 1% up to 14 Mev and with 
scmewhat less precision up to 39 Mey 
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of effective shrinkage factor with dip 
is to process the plates in such a manner 
that they retain their original thick- 
ness. This can be accomplished by 
soaking the plates in a 10% aqueous 
solution of glycerine at 22° C and dry- 
ing at 5O% relative 
humidity (78).* The plates must also 
be analyzed at the 
humidity and temperature if changes 
Vari- 
ations in soaking time and glycerine 
for 


approximately 


same relative 


in thickness are to be avoided. 


concentration may be necessary 
plates with different 


development 


histories of ex- 


posure and and for 
different 
humidities. 


combination of the glycerine treatment 


temperatures and relative 


It is quite possible that a 
two-plate method would 


with Evans’ 


be superior to either by itself. 


Other Methods 


Two other methods for measurement 


of neutron spectra from extended, 
anisotropic sources involve the loading 
of the emulsion with Li® or B'®. The 
Li®(n,a)H® and B'(n,2a@)H?, 


are both exothermic. 


reactions, 


NEUTRON SPECTRA FROM 


When the source of neutrons is small 
compared to the source-detector sepu- 
the 
neutron 


ration, methods available for 


making spectrum measure- 


ments are much simpler to use and 
lend themselves to much higher 


the 


pre- 


cision than methods already 


discussed. 


External Radiator 


When intensity is not an important 


consideration, the simplest method 


applicable to point sources, and the one 
that lends itself to the highest precision 
in the determination of the absolute 
the 
source as a function of neutron energy, 
the 


number of neutrons emitted by 


nucleat 
The 


radiator consists of a thin layer of poly- 


is based on the use of 


emulsion as a detector only (39). 


ethylene or paraffin containing either 
hydrogen or deuterium. 

In this the 
detector are placed inside a vacuum 


method radiator and 
chamber in such a geometry that the 
axis of the radiator coincides with the 
neutron beam direction. The nuclear 
plate is oriented so that recoil nuclei 
from the radiator enter the emulsion 

* Hardening the emulsion in acid hypo 
inhibits the absorption of glycerine 


Keepin and Roberts (22, 38) have 
done work with Li’. 
However, thus far the results are not 
too promising due, in part, to the fact 


considerable 


that the cross sections with respect to 
angle and energy are mainly unknown 
this Also 


resonance at several 


there is a 
strong hundred 
kilovolts where the method would be 
expected to have its greatest useful- 


for reaction. 


ness. At higher energies competition 

from n-p scattering makes the method 

difficult to use. 
B'-loaded 


to be useful at 


(15) would 


high energies. 


emulsions 
appeal 
Since the energy is carried away by 
three particles, the direction as well as 
the energy of the incident neutron can 
be determined from the energies and 
directions of the alpha particles and 
triton. The difficulty 
is that the product of the cross section 


here, however, 
for the B!°(n, 2a@)H® reaction and the 
B'’ that 


achieved in nuclear emulsions Is very 


concentration of can be 
low compared to the product of the 
n-p scattering cross section and con- 


centration of hydrogen in the emulsion. 


POINT SOURCES 


surface at a suitable angle. The choice 
of entrance angle and emulsion thick- 
ness should, in general, be such that 
the particles are stopped within the 


emulsion volume; otherwise their en- 
ergy cannot be determined. 

For 
venient to align the photographic plate 
so that the line from the center of the 
radiator to the center of the plate area 


analyzed passes through the neutron 


measuring purposes it is con- 


source and so that its projection on the 
plane of the plate coincides with the 
long plate axis. 
As indicated 
consists ol 
light 


or deutero-polyethylene 


the radiator 
light 


polyethylene 


above, 
usually parafhin, 
deutero-paraffin, 
* Deuterium 
compounds have the advantage that, 
the 
section for 
ISO deg 


at many neutron energies, n-d 


elastic scattering cross 
scattering neutrons through 
in the 
siderably greater than the correspond- 
n-p section. (At 14-Mev 


neutron energy, for example, the ratio 


center-of-mass system is con- 


ing cross 
of these cross sections is approximately 
2 On the other 


hand, there are the 
* The 


pared for 


deutero-polyethylene was pre- 


us by Dr. A. R. Ronzio of this 


laboratory 
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FIG. 3. Neutron collimator and camera. 


detector are inside camera 


considerations that the range of a 
deuteron knocked on by a neutron is 
considerably less than the range of a 
proton knocked on by a neutron of the 
a disadvantage at low 
neutron energies—while at high neu- 
tron energies (~14 Mev) there is a not 
deuteron 


same energy 


negligible cross section for 
breakup. 

Collimation. In this arrangement, 
it is apparent that the nuclear plate 
records not only the trajectories of 
protons from the radiator but also the 
recoils in the 

irradi- 
2X 16 
unreadable.) It is 


proton 
200u emulsion 


excess of 


trajectories of 
emulsion. (A 
ated by a flux in 
cm? is 

therefore often 
cially when thin radiators are being 
used, to shield the emulsions from the 
direct neutron beam to prevent the 
generation of an intolerable number of 


neutrons 


very necessary, espe- 


proton recoils. 

To do this, we have successfully 
utilized a collimator made of iron 
backed by paraffin. 
large inelastic cross section for high- 
energy neutrons, the neutrons resulting 


are emitted 


Since iron has a 


from inelastic 
with relatively low energy and there- 
fore have a high probability of being 
the paraffin. 

geometrical 
arrangement collimator 
and a neutron camera, which contains 


processes 


by 
the 
involving a 


further degraded 


Figure 3. displays 


a radiator and a detector. 
Proton-recoil radiator. We shall 
confine the following discussion to the 
case of an H'-containing radiator. If 
the radiator is small compared to the 
distance between the source and the 
detector, we have a “good geometry” 
the neutron 


experiment in which 
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Radiator and 
200-kev deuterons 


inferred from the 
proton recoil energies through the 
relation EF, = E, sec? v, where Wt is the 
average angle between the neutron and 


energies may be 


proton directions, FE, is the proton 
energy, and £, is the neutron energy. 

The energy of a given proton is 
determined by applying the range- 
energy curve for dry emulsion to the 
proton range determined from the sum 
of the absolute range of the proton in 
the emulsion (L = R, sec) and the 
emulsion equivalent of half the radiator 
thickness along the path of the proton. 
The plate analysis for this method is 
very straightforward and compara- 
tively fast since it is necessary to scan 
only the emulsion surface. Once a 
track is found that starts on the surface 
and proceeds in such a direction as to 
be consistent with having originated 
in the radiator, the procedure is to 
measure the projected length of the 
track along an axis that coincides with 
the projection of the direction of the 
neutron beam on the emulsion surface 
(Fig. 3). 

To formulate the procedure for ob- 
taining the absolute number of neu- 
trons as a function of neutron energy 
from the various measured quantities, 
it is convenient to define the following 
additional notation: 

F(E,) =number of neutrons of 
energy FE, per cm? and per 
Mev incident on the radi- 
ator 

A = detector area analyzed 

N(E,) =number of protons 

Mev, of energy E,, 

jected from the radiator 

and incident on plate area A 


per 
pro- 


FIG. 4. Energy distribution of neutrons from T(d,n)He' reaction; 


= solid angle in the labora- 
tory coordinate system sub- 
tended by A at the radi- 
ator = (A sin @)/D?, where 
D is the distance between 
the center of the radiator 
and the center of the plate 
area analyzed 
solid angle in the center-of- 
mass system subtended by 
A at the radiator 
number of hydrogen atoms, 
in the radiator, exposed to 
the neutron flux 
On—-p(E,) = total neutron-proton scat- 
tering cross section (79) for 
neutrons of energy L,, 


(All of the most recent differential 
scattering cross-section measurements 
on n-p scattering indicate isotropic 
scattering in the c. m. system up to 
14 Mev. The error incurred due to an 
assumption of isotropy is certainly less 
than 3% even at 14 Mev.) 

The neutron spectrum incident on 
the radiator may now be determined 


from 


N(E,)dE,=F(E,)dE ano 


where 
Q = (4 cos V)e 
E, = KE, cos? N/ 
dE, = dk, cos? Vv. 


(3) 
(4) 


(5) 


To obtain the flux of neutrons per 
Mev at a given energy, E,, we simply 
utilize the proton recoil energy distri- 
for radiator thick- 
ness) to evaluate N(E,) at EF, = 
E, cos?W and then solve Eq. 2 for 
F(E,). 


In practice it is somewhat simpler to 
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bution (corrected 





tabulate the number of protons corre- 
sponding in range to predetermined 
neutron-energy 
calculates for the endpoints of each 
neutron-energy interval the projected 
ranges in the emulsion of the corre- 


intervals, i.e., one 


sponding recoil protons that originate 
at the center of the radiator. If one 
now multiplies the number of tracks in 
each energy interval by 


®D?/nGn—p(E,)A sin d cos v (6) 


one can immediately plot the absolute 
number of neutrons/em?, per energy 
interval, as a function of neutron 
energy. Only the quantity o,_)(/,) 
in the above factor varies with energy 
interval. 

Figure 4 shows the time-integrated 
number of neutrons/cm? as a function 
of neutron energy at a point | meter 
from a neutron source produced by the 
bombardment of T, in a thick Zr-T 
target, by a molecular beam of singly 
ionized 200-kev deuterons.* The axis 
of the collimator (Fig. 3) was at right 
angles to the deuteron beam and the 
radiator was 2 mg/cm? polyethylene. 
It is seen that the width at half- 
maximum of the neutron distribution 
is well accounted for by the spread in 
energy introduced by target thickness, 
angular resolution, range straggling, 
source straggling, and errors in range 
measurement. 

The neutron flux at the detector, as 
calculated from counting a known frac- 
tion of the alpha particles from the 


subject reaction, agrees to within 5% 


with 
; Mev P(E. dE 
SMe © ene 


as determined from the neutron energy 
distribution plot (Fig. 4). The stand- 
ard error due to statistical fluctuations 
amounted to +3%. 

Low-intensity flux. ore often than 
not one is faced with the problem of 
determining the distribution in energy 
of a neutron flux of such intensity that 
a good geometry experiment such as 
the one just described is hardly feasible. 
It is possible to increase the proton 


* Plates analyzed by Martha Downs 
Margaret Gibson, and Opal Milligan 

+ Range straggling arises from the dis- 
continuous nature of the ionization process 
and the inhomogeneous distribution, in the 
gelatin, of the halide of the emulsion At 
energies below approximately 3 Mev there 
is an important contribution to range 
straggling from the finite size and small 
number of grains comprising a track (80). 
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track density on the plate by as much 
as a factor of 10 for a given radiator 
thickness by using a radiator that is 
not small compared to the separation 
of the radiator from the detector. 

In such a geometry one must, how- 
ever, use to the fullest extent the data 
derived from measurements on each 
track. 
tion of the track along with the coordi- 


A determination of the orienta- 


nates in space at which it penetrates 
the emulsion suffices to determine the 
point on the radiator from which the 
ionizing particle originated and hence 
the direction between the incident 
neutron and the recoil proton. The 
energy of each recoil proton and the 
energy of the neutron that produced 
that recoil must now be determined 
separately. To determine the absolute 
number of neutrons as a function of 
neutron energy, one must evaluate the 
factor (A sin @ cos ¥)/D? (Eq. 6) by 
numerical integration. 





PART TWO OF THIS ARTICLE 


appearing in August, will con- 

clude the discussion of point 

sources, and cover energy reso- 

lution and applications of the 
procedure 
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WB RA 4 for Shielding 


actor Design 


Interest in fast reactors, and work on the design of 


high-performance shields has shown that there is need for 


much investigation of neutron cross sections above 10 kev. 


This article tells what data is needed and why 


By HERBERT GOLDSTEIN 
Nuclear Development Associates, Inc. 
White Plains, New York 
FROM THE START of interest in nuclear 
reactors, intensive effort has been put 
into developing methods for measuring 
low-energy neutron properties (1). As 
a result, it is today a relatively straight- 
forward matter to obtain most of the 
desired cross sections below 100 ev. 
There has been a growing need, how- 
ever, for neutron data at higher ener- 
gies, above 10 kev. The need has been 
fostered in part by the interest in fast 
(such as EBR) and by the 
realization that the design of high- 


reactors 


performance shields involves mainly 
neutron and gamma-ray properties in 


the Mev region. Our knowledge of 


many of these properties is still frag- 
mentary, and the techniques for meas- 
uring them are not yet available. 

It is convenient to treat shielding 
and reactor needs separately for the 
most part. The types of cross sections 
involved, the energies of interest, and 
the materials of importance are differ- 
ent in the two fields. 

We will be concerned mainly with 
neutrons in the range from a few kev, 
about where the “fast choppers” leave 
off, to around 14 Mey. The region of 
interest has been interpreted, however, 
to include the measurements of ener- 
getic gamma rays resulting from slow- 
neutron reactions. No mention will be 
made of fissionable isotopes, but many 
of the remarks apply to them, too. 


DATA OF INTEREST FOR SHIELDING PURPOSES 


Shielding research at present is being 
conducted on three levels. The first 
level is completely empirical, centering 
about the testing of more or less full- 
scale mock-ups of almost fully designed 
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shields. This is a necessary step in the 
construction of any present day, high- 
performance shield and is likely to be 
so for some time. Being completely 
concerned with actual shield tests, it 


has little need for microscopic data. 

The second level might be described 
as phenomenological. Although still 
concerned with bulk shielding facilities, 
the experiments are of a more funda- 
mental nature, with simpler geometries 
and compositions. Work at this level 
provides the important data for pre- 
liminary shield design. From the de- 
signer’s point of view it is the most 
fruitful type of shielding research being 
conducted today. 

There is great need for cross section 
data here. 
stand these bulk shielding experiments 
in a physical, semiquantitative manner 
in terms of known cross sections. The 
hope is that, with such understanding, 
there can be found a few phenom- 
enological parameters, involving meas- 
urable cross sections, that adequately 
describe a material's bulk shielding 
performance. If successful, these pa- 
rameters could then be determined for 


One seeks first to under- 


materials which, by reason of scarcity 
(or nonexistence in adequate amounts), 
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cannot be tested in bulk shielding 
facilities. 

Although this entire procedure de- 
pends on a knowledge of microscopic 
data, no great resolution is required. 
The details of resonance structure, of 
angular distributions, or of inelastic 
spectra The 
bold outline of the picture is needed. 

The third level is much more long 
The aim here 


cannot be important. 


range than the others. 
is the description of shielding behavior 
based on first principles, using nothing 
but data. 
From the basic Boltzmann transport 
equation one seeks to derive the man- 
ner in which gamma 
rays penetrate through matter. Ad- 
mittedly, this approach is not yet of 
But con- 


been 


microscopic cross section 


neutrons and 


much practical importance. 


siderable has already 
achieved in the special case of gamma- 
ray penetration, in the 
neutrons (2, 3). As a result, there is 


greater hope of solving the more gen- 


SUCCESS 


absence of 


eral problem, and considerable work 
will be done on it in the next few years. 
At the least one can hope to put the 
phenomenological descriptions on a 
sounder, more understandable basis. 

It is clear that this type of attack 
demands the most in the way of micro- 
scopic cross sections. Until enough 
experience has been gained to tell which 
features of neutron interactions are 
important and which can be disre- 
garded, it will be necessary to describe 
the neutron processes as faithfully as 
possible. Only here is high-resolution 
nuclear data needed for shielding. 

In the shielding of reactors, the basic 
The 
neutron spectrum has a maximum in 


source of fast neutrons is fission. 


around | Mev, and decreases rapidly 
thereafter, almost exponentially, fall- 
ing by about 1/e every 1.5 Mey. In 
any practical neutron shield, however, 
the lower-energy neutrons are attenu- 
ated much more rapidly than those at 
high energies. the 
which penetrate large distances come 
from the high-energy tail of the spec- 
trum; those which start out below | 
Mev quickly fall by the wayside. 
The neutron energy range of interest, 
therefore, stretches from about 1 Mey 
to around 14 Mev, 
portant region for deep penetration be- 
This is an 


Hence, neutrons 


with the most im- 


ing probably 4-8 Mev. 
energy interval that is difficult of access 
with most current Van de Graaff gen- 
erators. From the shielding point of 


view, therefore, it is important to 
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develop sources for this region, even if 
they do not provide high resolution. 
Nereson’s pioneering work in using 
analyzed continuous spectra (4) is 
promising, as are high-energy Van de 
Graaff generators and cyclotrons. 

The 
shielding generally fall into three not 


materials of importance for 
mutually exclusive classes: 

1. Light elements occurring in neu- 
tron shields, comprising most of the 
elements from Z = 1 to Z = 9. 

2. Structural materials, principally 
Fe, but also Al, Co, Cu, Ni, Cr, pos- 
sibly Ti, and Zr. 

3. Heavy elements used for gamma- 
ray shielding, Pb, W, Bi, and U. 

The list is not intended to be ex- 
haustive, nor is it desired to exclude 
the 


measurements. 


long-range exploratory type of 
It does include almost 
all the elements employed now in sig- 
nificant amounts or proposed for use 
in the near future. 

sections are most 


Inelastic cross 


important. Next in priority are angu- 
lar distributions of scattered neutrons, 
then total cross sections, and, finally, 


Also of 


siderable importance are the energetic 


reaction cross sections. con- 
gamma rays produced in slow fission 
and neutron capture. 


Inelastic Scattering 


Inelastic scattering produces two 
effects. One is that the incident neu- 
trons degraded in energy and 
The other, of 


equal or greater significance for shield- 


are 


changed in direction. 


ing, is that gamma rays are produced. 
If the 
material, its effectiveness for gamma- 


inelastic scatterer is a heavy 
ray shielding may be diminished in the 
presence of a fast-neutron flux if it is 
itself a source of photons. 

The 
neutron 
o(E,\E,Q), the differential cross section 
EK, to E with a 
will undoubt- 


the 
written as 


basic section for 


CTOSS 
aspect may be 
for scattering from 
scattering angle Q. It 
edly be quite some time before a com- 
plete picture of this cross section can 
isotope. For- 


be obtained for any 


tunately, it is not necessary; much 
simpler characteristics of inelastic cross 
sections will usually suffice. For ex- 
ample, it would be helpful merely to 
know the threshold energy at which 
inelastic scattering becomes significant 
(i.e., above a millibarn) in the middle- 
weight and ‘‘magic” heavy isotopes. 
giving idea of the 


general importance of inelastic scatter- 


Besides some 


ing in the particular element, this 
threshold marks the upper energy limit 
for collisions which do not absorb or 
degrade the neutron energy appreci- 
ably. Of 
structural materials such as Fe, Ni, etc., 


primary concern here are 


and the ‘‘magic”’ elements Pb and Bi. 
The 


ments made so far indicate that, in the 


inelastic scattering measure- 
heavier elements (where inelastic scat- 
tering is most important), the scattered 
neutrons have quite low energies. 
They may be very quickly moderated 
In any event, they do 
the 


Conse- 


and captured. 


not contribute appreciably to 
penetration of fast neutrons. 
quently, on the second, phenomeno- 
logical, level, inelastic scattering is 
treated as an absorption process merely 
serving to remove the neutron from the 
beam. (This approximation, in fact, 
has also been used in all the basic caleu- 
lations to date.) 


point, it is clear that only the total 


With such a view- 


inelastic cross section matters. 


Gin(Eo) = [o Eg EQ) dE dQ 


Klements whose total inelastic cross 
sections are of interest are the heavy 
", ©», 26 


and also some of the 


and medium isotopes, Pb, 
Zr, Ni, Cu, ete., 
lighter ones, particularly O, N, C, and 
Al, in rough order of importance. 

This is not to say that the energy 
spectra of the inelastically scattered 
neutrons are of no importance at all. 
As the phenomenological description 
grows in sophistication, it will un- 
doubtedly include effects arising from 
the inelastically scattered neutrons. 

For the basic calculations, the need 
for inelastic spectra is likely to come 
even sooner, although here the need 
will be chiefly for the light elements, 
particularly O, N, and C, at high ener- 
gies. 
participate in these elements, it would 


Since only a few levels usually 


also be necessary to get some idea of 
the 


elastic 


distributions of the in- 
When 


are involved, theory based on the con- 


angular 
neutrons. many levels 
tinuum model of the nucleus predicts 
that the distribution is isotropic. This 
the the 


theoretical foundations are now under 


is probably ease, although 
suspicion (4), and a few experimental 
checks would be reassuring. 

The spectrum of gamma rays emit- 
ted is, 
important characteristics of inelastic 


for shielding, one of the most 


scattering for which information is 


needed. Of primary concern are the 


structural elements and heavy gamma- 
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ray shielding materials, particularly 
Fe, Pb, U, W, Ni, ete. 

Until 
data on this subject had been obtained 


a short while ago, the only 


for the light elements, and mainly near 
the inelastic threshold. Very recently, 
Day (6) and Scherrer et al., (7) (at 14 
Mev) have obtained more useful in- 
formation with scintillation spectrom- 
It is to be hoped that these first 
investigations will lead to more thor- 


eters. 


ough and detailed explorations of the 
The greatest urgency centers 
around the region for 
gamma rays of 2-4 Mev. 

An attempted priority list for in- 
measurements of interest for 
shielding should, be: (1) 
total inelastic cross sections (including 
thresholds); (2) energy 
(3) neutron energy spectra; 


spectra. 
high-energy 


elastic 
therefore, 


gamma-ray 
spectra; 
(4) neutron angular distributions; and 
(5) gamma-ray angular distributions. 


Total Cross Sections 

Two years ago the greatest need in 
microscopic data for shielding was for 
total cross sections. Thanks, however, 
to the work of the Wisconsin group 
(8, 9), and particularly that of Nereson 
(4) at Los Alamos, this need has been 
met, at least for the phen- 
omenological level. There now exist, 
shortly, moderate-resolution 
measurements from 0 to 14 Mev for 
almost all elements of importance. 
The notable exceptions are B, Li, and 
W, which are 
since they are of great interest. 

For the basic calculation needs, the 
Ideally, 


one would like to have fairly detailed 


largely 


or will 


unfortunate omissions 


situation is less satisfactory. 


knowledge of the resonance structure 
at higher energies, from about 3.5 Mev, 
the limit of present day (p, 7’) sources, 
to 14 Mev. 
involved are again determined by the 
foreseeable nature of the fundamental 
that 
through. Mainly, these concern QO, C, 
N, B, and perhaps two or three of the 
Pb, and W, in 
rough order of importance. 


The particular elements 


calculations may be carried 


heavier elements, Fe, 


Angular Distribution 


The nature of information desired 


on the angular distribution of elas- 
tically scattered neutrons depends on 
the type of shielding activity consid- 
ered. On the phenomenological level, 
it has proved useful in shielding theory 
to adopt a picture of scattering which 


assumes that any neutron elastically 
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scattered beyond some angle is irrevoc- 
ably lost to the beam and can be con- 
sidered as absorbed. One is thus led 
to the concept of a cross section for 
removal from the beam which differs 
from the total cross section by the 
fraction of neutrons scattered within 
vaguely near-forward 
direction. 

The usefulness of this 
clearly depends on how well one can 


some defined 


concept 


predict such an effective cross section 
on the basis of the microscopic data, 
meaning essentially the angular dis- 
tribution. Knowledge of the trans- 
port cross section is of some help, but 
there is evidence that the (1 — cos 6) 
factor is too broad a ‘‘rejection filter”’; 
it excludes some neutrons scattered at 
large enough angles to be eliminated 
from the beam. 

The older of Aoki 
(10, 11) and recent ones by Jurney 
and Zabel (1/2) are in reasonable agree- 
ment with the predictions of the con- 
tinuum Recent 
work (4) casts some doubt about the 
validity of these predictions, however, 
and, for the present, they should be 
used with caution. 

One would like to have some survey 


measurements 


theory. theoretical 


of the angular distributions, particu- 
larly above 1-2 Mev, to see to what an 
extent the older theory is satisfactory. 
The 


centers 


greatest controversy, moreover, 
which 
there has long been doubt about the 


applicability of the continuum theory, 


around elements for 


whether because they are too light 
or are ‘‘magic.”’ For such cases there 
is need for measurements of the angular 
distribution up to 8 Mev averaged over 
relatively wide energy regions. This 
group includes all elements up to 
around A = 20, magic nuclei such as 
Pb, possibly Zr, and perhaps also Fe 
and W. Since the emphasis is on the 
forward distribution 
measurements should be more finely 


peak, angular 
spaced here, about every 20-30 deg. 
As usual, the information desired for 
fundamental calculations is more de- 
The 


need for angular distributions here is 


tailed but perhaps less extensive. 


obvious; it furnishes the scattering 

kernel which must be ‘plugged into”’ 

the Boltzmann transport equation. 
Where the structure is 


sufficiently discrete and broad to be 


resonance 


considered in detail in the calculations, 
it is necessary to know the angular 
distribution with high energy resolu- 


tion. It is not likely that this can be 


done experimentally. However, meas- 
urements that are relatively widely 
spaced in energy often suffice to fix 
the level constants well enough so that 
the angular distribution can be recon- 
structed theoretically in as much detail 
as desired. The work of Baldinger 
et al. (13) has once and for all shown 
how powerful a tool the angular dis- 
tribution is in fixing level parameters. 

Such detailed information is desired 
for most of the light elements, par- 
ticularly D, B, Be, Li, O, C, N, and, if 
For the lighter 
elements, such as C and O, some of the 


possible, also for Pb. 


measurements exist in large measure 
up to ~3 Mev; the need is to extend 
them to higher energies. 

To mention a specific problem, caleu- 
lations now in progress on neutron 
penetration in water urgently require 
information on how the angular distri- 
bution in oxygen differs from the pre- 
dictions of the continuum theory in the 
region 4-14 Mey. 
tion data would be highly useful. 


Even low-resolu- 


Gamma-Ray Spectra 

The sources of gamma rays of inter- 
est for shielding are quite diversified 
prompt gamma rays emitted in fission, 
fission-product gamma rays, neutron- 
capture gamma rays, and finally those 
from inelastic scattering. Of the ele- 
ments of interest, only the capture 
gamma-ray spectra of H, Na, Ti, Pb, 
and Bi have been surveyed accurately 
Except 


absolute 


enough to be of use (14-16). 
for this handful of data, the 
energy spectrum is not adequately 
known for any of these sources. 
Consider, for example, the prompt 
gamma rays. All 


tions (17-19) on this subject agree that 


fission investiga- 
the total energy emitted is around 5 
Deutsch and Rot- 
blat (17) that the average 
photon energy is 1 Mev, 
Kinsey et al. (18) have reported a 
figure of 2.5 Mev. Recent 
ments of Rose and Wilson (1/9) tend 
to agree with the 1-Mev value, but 
give indications of the presence of a 
harder component in addition. The 
Mey is 
obviously of importance in considering 


Mev per fission. 
indicate 
whereas 


exper- 


difference between 1 and 2.5 
how these gammas penetrate matter. 
Admittedly, the experiments are not 
easy; it is quite difficult to separate the 
prompt fission gamma rays from those 
produced in the fissionable isotope, or 
emitted by short-lived fission products. 
From many points of view it is, of 
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course, desirable to be able to separate 
these 
emphasized, however, 
tinction is of little 
shielding of thermal on 
What is wanted is the total 


near-prompt 


sources. It should be 
that the dis 


importance fol 


three 


intermediate 
reactors. 
prompt or gamma-ray 
spectrum produced by neutron absorp- 
tion, whether such absorption results in 
fission or simple capture. The investi- 
gation by Motz (20) of the spectrum 
from a uranium slug in the Los Alamos 
water boiler, and some experiments 
understood to be in progress at ORNL 
on the swimming pool reactor (27) come 
closest to providing the needed data 

A good deal of work has gone into 
the 


spectra, 


examination of capture gamma 
Kinsey and his collaborators 
(14-16) have been especially diligent 
in measuring the high-energy regions 
of the spectra for most of the lighter- 
weight elements. However, the par- 
ticular information desired for shielding 
There 


is little interest in the spectrum below 


has only rarely been obtained. 


about 1 Mev (and certainly none in the 
discrete line structure in this region) 
since one can easily and economically 
absorb this portion of the spectrum 
The important region centers around 
3 Mev, stretching from 1 to 6 Mev. 
Although no resolution is 
required, it is vital that the spectrum 


great 

be obtained in absolute measure, as 
capture 
the 


experimental techniques employed so 


the number of photons per 
per unit energy range. Few of 
far can provide this type of information 
in the energy region of interest, and 
the amount of usable data is meager. 
It is to be hoped that the recent experi- 
ments of Braid (22) and Motz (23) on 
the spectra below 3 Mev are harbingers 
of extensive future work in this region 


Fast-Neutron Reactions 

It is only in the light elements that 
fast-neutron reactions can be of suffi- 
cient importance to constitute a sub- 
stantial absorptive process. Examples 
are the well known (n,q@) reactions in 
Li, B, N, and O and the (n,p) 
in N and O. 
have been measured adequately above 
2-3 Mev, and the need for excitation 


reactions 


Practically none of these 


function measurements here is obvious. 

Sometimes the reactions are not of 
direct shielding importance, but result 
in activations of the shield material o1 
may be annoying 
The O'% 


O'(n,p) reactions are examples. The 
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Possible Threshold Reactions 


Thre shold (Me ) 


Reaction 


*(n,p 
np 


’ n,p 


°(n p 


Fe®®(n,p 


a WS w& & 


sa'*8(n,p 
Rb*(n,p 
Mg?*(n,p 


“I. & 


Ta!*!(n,2n 





O'"(n,p) excitation function has been 
measured adequately from 12 to 18 
Mev at Los Alamos (24). 

One of the greatest problems con- 
fronting fundamental experiments on 
the passage of neutrons through 
shields is the lack of a suitable means 
lust-neu- 


of measuring uncollimated 


Development of vari- 
the 


He*(n,p)T counter gives hope that this 


tron spectra. 


ous scintillation devices and of 


obstacle will be overcome shortly. 


Until this is accomplished, there is 


some interest in cruder methods to 
obtain information about the neutron 
spectrum, such as threshold detectors 
using (n,p), (m,@), and perhaps (n,2n) 
reactions. 

Two types of developments are 
needed to be able to use threshold reac- 
tions for measuring feeble fast-neutron 
the 
chemical 

the 
is the measurement of the 
the 


reactions that seem most suitable from 


fluxes. One is establishment of 


quantitative processes for 


concentrating activated isotope. 
The other 
vield curve. Some of possible 
the standpoint of cross section and 
threshold are listed in the table. 

Only for the S**(n,p) reaction has 
there been measurement of the excita- 
tion function (25), and this is so diffi- 
cult to that 


desirable. 


explain theoretically 


a& remeasurement seems 
These measurements would also permit 
a check of the continuum theory of 


neutron reactions (26). 


DATA OF INTEREST FOR REACTOR DESIGN 


In considering the unclassified fast- 


sections of interest for 


Cross 


neutron 
reactors, a number of differences from 
the shielding situation must be noted. 
effort in 


For example, not much 


reactor theory is being devoted to 
what corresponds to the basic level in 
Although this 
situation may be expected to change 
in the future, it is still true that there 
is little need in reactor work for high- 


shielding calculations. 


resolution data; rough energy averages 
will be adequate. 

One 
tinguish between the types ol reactors, 


must also be careful to dis- 
\ process that may be advantageous 
(e.g., 


moderation) may be a difficulty to be 


for thermal reactors inelastic 
avoided like the plague in fast reactors, 

Compared to shielding, the energy 
interest for reactors is 


range of con- 


siderably reduced. For practical pur- 
little interest 
\ev since there are few neutrons above 
this the 
Even 2 Mev is a satisfactory limit. 


there is above 4 


| 1OSECS 


energy in fission spectrum, 

The elements of importance are more 
widely spread over the periodic table 
than they are in shielding. Roughly 
they may be categorized as moderators 
struc- 


light), reflectors, 


tural materials (as in shielding), 


(necessarily 
and 
coolants (including Li, H.O, Na, K, 


and Hg). In addition there will be 


interest in elements used in control 


mechanisms, as constituents of fuels 
(N in UNQOs), and appearing as prod- 
ucts of neutron reactions. 

Generally speaking, the three types 
of fast-neutron data (unclassified) in- 
volved in reactor design are (1) In- 
elastic scattering; (2) angular distribu- 
tion of elastically scattered neutrons; 
and (3) energy variation of fast reac- 


tion cross sections. 


Inelastic Scattering 


Reactivity calculations obviously in- 


volve only neutrons; in contradistine- 
tion to shielding there is no interest in 
the gamma rays produced in inelastic 
The total 
is of some help, but of most interest is 
the 
elastically scattered neutrons. 

The 


vary 


scattering. cross section 


energy distribution of the in- 


energy regions of importance 
with the 
thermal reactors, for example, inelastic 


type of reactor. In 
scattering is an aid in moderating the 
neutrons. The spectrum of the rela- 
tively fast neutrons is in large measure 
determined by this process. The neu- 
trons which reach low energy solely by 
inelastic scattering are few compared 
to the bulk of 


moderated by 


neutrons which have 


been elastic collisions. 
Hence, the energy spectrum down to 
around 500 kev is adequate, with some 
information as to how many are scat- 


tered to below this energy. 
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In fast reactors, inelastic scattering 
is often the only means by which un- 
wanted energy degradation can occur. 
Neutrons 
where absorption cross sections are 
For 
this reason, there is some interest for 


can reach low. energies, 


high, only by the inelastic route. 


fast reactors In more detailed inelastic 
the 
that 
ex- 


energy particularly in 


low-key 
such 


spectra, 
region. It is realized 


low-energy spectra will be 
tremely difficult to measure, but here 
perhaps is a case for which the time-of- 
flight method is uniquely adapted. 
Among the elements which may be 
the 
fissionable fuel isotopes and the strue- 
tural These 
Coolant 
and reflector are often so light that 


considered most important are 
materials, especially Fe. 


are inevitable in any reactor. 


inelastic seattering is not significant, 
but in some coolants, such as Hg or Pb, 


it cannot be neglected. 


Angular Distributions 
Someday, perhaps soon, reactor cal- 


culations may reach the stage where 
detailed knowledge of the angular dis- 
scattered neutrons is 
the 


most calculations, it seems adequate to 


tribution ot 


required. For present, and for 
assume that neutrons are inelastically 
scattered isotropically. In the signifi- 
cant regions of energy degradation it 
usually can be assumed that elastic 
seattering from a moderating element 
is nearly isotropic (in the center of mass 
system 

First-order corrections for deviations 
from isotropy are usually in terms of 
the transport cross section, and it is as 
this that 


the angular distribution is 


information on 
most ur- 
gently needed. The usual moderators 
above H, i.e., D, Be, C, and O, proba- 
bly come first in order of importance. 


quantity 


Next are structural elements, particu- 
larly Fe, then coolants and reflectors. 
It should be that since the 
and the 
weight, is often lower than for shielding 


noted 


energy, also often atomic 
interests, the theoretical predictions of 
the 


quently applicable here and recourse 


continuum theory are less fre- 


must be had to experiment. 


Reaction Cross Sections 
Fast-neutron reaction cross sections 
are only of importance in the fast 
reactors, particularly so in breeders. 
Here the 
neutron economy as much as possible 


Hence, 


one is trying to stretch 


to get high breeding gain. 
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absorption cross sections, even in the 
millibarn region, may be of importance 
in substances that occur in 
quantities in the reactor. 

The work of 


collaborators 


large 


Hughes (27) and his 
has been invaluable in 
mapping out the variation of fast- 
neutron (n,y) cross sections as fune- 
tions of neutron and proton number. 
By and large it is now possible to 
predict the (n,y) cross section, for 
fission neutrons, to within a factor of 
2—4 for any given isotope. 

The results so obtained pretty well 
the that 
allowed in a fast breeder in appreciable 
Only the light elements 
below Zn (but not so light as to cause 


delimit elements can be 


quantities. 


moderation) and those in the vicinity 
of the magic isotopes can be used. 
still difficulty 
regard to isotopes on the sides of the 
Here flue- 


tuations from one isotope to another 


There is some with 


magic-number “ditches.” 
are large, and one cannot use the curve 


for interpolation; isotopes must be 


measured individually. Some isotopes 
below Na also require measurement. 
Another the 


dependence of the cross section. 


question 1s energy 
For 
various reasons——effects of higher an- 
gular momenta, presence of competing 
the (27) 
1/E dependence is not a safe guide. 
The 


fortunate with respect to other types 


processes usually quoted 


situation is perhaps not so 


of fast-neutron absorption processes 
which may act as poisons in fast re- 
actors. The cross sections here depend 
upon threshold as much as upon the 
more smoothly varying statistical prop- 
the 
thresholds are often unknown. 


erties of nucleus, and these 

Some (n,p) and (n,@) cross sections 
for fission neutrons have been measured 
by Hughes (27), but, unfortunately, 
Fur- 
the 


more 


too few to answer all questions. 
ther, effects, 
variation becomes 


because of barrier 


with energy 


important than for the simpler (n,y) 


reaction. All measurements so far 
have really been of activation cross 
sections. Some important reactions 
do not result in significant activation, 
and serious errors have resulted from 
assuming the equivalence of activation 
and absorption cross sections. It 
would be extremely worthwhile if some 
thought could be given to the difficult 
problem of measuring a reaction cross 
section in the absence of activation. 

a list of the 


elements for which fast reaction cross 


It is difficult to give 


sections are needed—it varies greatly 
according to the specific design of the 
reactor. Structural materials are usu- 
ally common factors, including Fe, Ni, 
Cr, Cu, Zr, Mn, and Zn, in rough order 
the 


coolant is probably the next largest 


of importance. Beyond these, 
source, such as Na and K. 
One fast 


serves notice for a number of reasons, 


reaction, Be®(n,2n), de- 
First, it is not an absorption reaction 
but fast 
Second, it is of interest from a basic 
Third, 
29) for 
it vary over a huge range, from milli- 


helps produce neutrons. 


nuclear physics point of view. 
the cross sections reported (28, 


barns to the impossibly large value of 


+ barns. 
‘ * * * 


Work performed under Contract A T(30-1)- 
862 with the Atomic Energy Commission. 
This paper is an expanded version of a talk 
given at the Conference on Neutron Cross See- 
tions in the Mev Region, Brookhaven National 
Laboratory, Jan. 20, 21, 1953 
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Radioisotope Procedures 
with Laboratory Animals 


With increasing use of radioisotopes in the small-animal laboratory, adequate 


management and experimental procedures are needed. Considered here are general 


management, isotope administration, and balance studies after administration 


By SAM L. HANSARD and C. L. COMAR 


University of Tennessee 
Oak Ridge, Tennessee 


IN RADIOISOTOPE INVESTIGATIONS With 
small animals, it is imperative that 
special consideration be given to: 

1. Sanitation and good housekeeping 
practices. 

2. Availability of essential equip- 
ment and facilities for handling and 
monitoring employed levels of radio- 
isotopes (1-4). 

3. The perfection of techniques for 
the 
activity to the animal. 

4. Provision of facilities for 
restriction and maintainance, and for 


quantitative administration of 


animal 


separate quantitative collection of 
excreta. 

5. Controlled area segregation of the 
experimental animal cages and equip- 
ment 
radioactivity. 

6. Satisfactory disposal of all ex- 


following administration of 


creta, carcasses and the radioactive 


wastes. 


General Management of Animals 

Management of animals, until such 
time as they are treated with radio- 
isotopes, is no different from that in 
It has 
been found convenient and satisfactory 


any conventional colony (5-9). 


to maintain rats and mice in racks of 


conventional cages, and rabbits or 
guinea pigs in commercial units. 
When tracer levels of an isotope are 
to be given, the animal is removed 
from the colony cage. After treat- 
ment, it is placed in isolated commer- 


cial cages or adapted metabolism units 
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with feces-urine separators. If high 


levels of activity are involved, the 
animals may be placed in metabolism 
cages or holding units designed for 
immediate discard at the termination 
of the experiment. 

A comprehensive report presenting 
the qualitative specifications for the 
design and construction of animal 
laboratories for radioisotope work has 
been compiled by Little (10). 

It is important that separate rooms, 
or a portion of the animal room in 
smaller laboratories, be set aside fo 
the radioisotope studies. Instruments, 
cages, and equipment for each isotope 
involved should be maintained sepa- 
rately and properly labeled on the basis 
of periodic measurements of residual 
When multimillicurie levels 
are employed, as in LD-50 
then additional precautions including 


activity. 
studies, 


proper shielding or barricades must be 
provided to isolate the area for the pro- 
tection of the participating personnel. 


Isotope Administration 

The 
ready for administration to the animal 
with the “hot” 
procedures Barri- 
and 


radioactive material is made 
usual 
(11). 


shielding, 


in accordance 
laboratory 
cades, localized vessel 
remote-control devices are utilized to 
minimize radiation hazards (12, 13). 
The problems unique to biological 
experimentation arise in the adminis- 
tration of radioactive material and in 


the care and handling of the animals 


after dosing. In this laboratory, it 
has been found most convenient to use 
a predesignated table centrally located 
and properly protected with diaper 
paper as a place for administration of 
all isotopes. Necessary instruments 
are kept in labeled individual porcelain 
or Pyrex trays. Clean and marked 
metabolism units for each isotope pre- 
vent cross contamination. 

Delivery of radioactive materials, 
particularly to large numbers of ani- 
mals presents the problem of avoiding 
total 


intense localized exposure to the hands 


body exposure and especially 
This may be minimized 
that 


to accomplish the 


ol personnel. 
by (1 
activity 


using only amount ol 
necessary 
experimental objective, (2) providing 
for maximum distance between activity 
and the personnel administering the 
dose, (3) keeping personnel exposure 
time to a minimum by organization of 
procedures, and (4) using shielded 
syringes, especially when gamma emit- 
Repeated 


assist in avoiding many of 


ters are being studied (3). 
“dry runs” 
the difficulties in these methods. 

Oral. With 


administration of activity in solution is 


small animals, oral 


usually the most practical and is ac- 


complished most easily by stomach 


tube. Small commercial catheters 


short of polyethylene tubing 
attached to the end of a fitted needle, 


or a ball-pointed metal stomach tube* 


preces 


*Available from Phipps and Bird. 
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FIG 1. 


that attaches directly to the syringe 


may be used for rats, rabbits, mice, o1 
guinea pigs 


With mice or 


metal 


rats, the 
poly- 


weanling 
stomach tube or the 
catheter has been found most 
With 


the conventional 


ethvlene 
satisfactory in this laboratory. 


dogs or small pigs, 
rubber stomach tube used for man has 
proved satisfactory when an insert of 
small-diameter polvethy lene tubing is 
clamped within it to reduce surface area 
and loss due to adsorption during ad- 
ministration (3, 4). 

Che following procedure is used for 

viministration to rats, mice or 

guinea pigs 

1. The animal is immobilized with- 
out anesthesia by grasping the head 
and shoulders firmly with the left hand, 
r by wrapping in a small towel. 


2. The 


ve and upward pressure over the 


mouth is opened by slight 
the thumb and forefinger. 
stomach tube assembly is 
nserted with the right hand. 
The svringe containing the ac- 
ty is brought up by an assistant and 
injected directly into the delivery tube. 
5. The dose is washed quantitatively 
into the animal’s stomach. 


6. Che 


;olusmM 


animal is placed in the 
unit 

standard solution is usually pre- 
at this time by repeating the 
ire with delivery of the dose 
lumetric flask. This assembly 


nethod permit orientation and 
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Cage-arrangement metabolism units using two meth- 
ods, described in text, for separate collection of feces and urine 


rechecking of the instruments and pro- 
cedure before each administration to 
the animal. 

In toxicity studies, or 


where sev- 


hundred animals are involved, 


a simple and safe method employed by 


eral 


Shay and Gruenstein (/4) for the gas- 
tric instillation of fluid may be used as 
a time-saving device. The apparatus 
designed by Talalay and Takano (14) 
for tube-feeding rats may likewise be 
employed to incorporate the activity 
into the feed for daily administration. 
Both of 


involve a sacrifice of accuracy tor speed 


these procedures, however, 
and convenience. 

Intraperitoneal, subcutaneous or 
intramuscular. With 
these procedures offer no major diffi- 
The 


injection are 


small animals, 


culty. animal and the site of 


prepared in the usual 
manner (1/6). 
The 


immobilized by 


mouse, or guinea pig is 
holding with the left 


hand, or by wrapping in a towel, while 


rat, 


special holding devices are used for 
rabbits or dogs. Anesthesia is usually 
The 


and the radioactive solution adminis- 


unnecessary. needle is inserted 


tered directly as previously discussed 


for quantitative oral administration. 


For extremely high-level studies with 
gamma emitters, a shielded syringe (3) 
or the semiautomatic injection appa- 
ratus designed by Holt (17) for remote- 
control injections may be used. 
Intravenous. The most difficult pro- 


cedure with small laboratory animals 


Holding cage for use when balance studies are not re- 
Parts are inexpensive and can be discarded 


is perhaps that of quantitative intra- 
venous administration. Complete im- 
mobilization is mandatory and usually 
necessitates complete anesthesia. 
Because of the thin wall of the vein, 
leakage is difficult to even 
when the use of a catheter is feasible 
With rabbits (78), dogs (19), 
pigs (3), the problem is not critical 


because of the ease of complete im- 


prevent 


or small 


mobilization without anesthesia, ready 
access to the ear, jugular, or femoral 
vein, and the size of the vein which 
However, 


allows for catheterization 


with rats, mice, or guinea pigs, con- 
siderable practice is usually required 
for an individual to accomplish intra- 
venous injections satisfactorily. One 
of the lateral tail veins may be used in 
anesthetized mice or rats following pre- 
injection dilation of the vessels by 
bathing the tail in warm water or by a 
light application of xylol to the area, 
Finkel et al. (20), using mice, pointed 
out that 
produced by a bath at 46° C for 5 see 
facilitates the injection of solution into 
the tail vein. Others (16 


the external jugular vein with apparent 


engorgement of the vessels 


have used 


success, but, for the smaller animals of 
all ages and sizes, the femoral vein ap- 


pears to be a most satisfactory route. 


In practice, the anesthetized animal 


is secured to the operating board on its 
back, leaving the inside of the rear leg 
The hair 


thoroughly 


is removed and 
The 
femoral vein is disclosed by light pres- 
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accessible. 


the area cleaned 





sure, a parallel 1-2 cm incision is made 
in the skin with a sharp scalpel, the 
fascia pulled back by blunt dissection 
and the vein exposed. 

A short 27-gage olive-pointed needle, 
attached to a tuberculin wash syringe 
by ashort length of gum-rubber tubing 
is then carefully inserted through the 
fascia and outer surface of the muscle 
slightly to the left and parallel to the 
vein. Dilating the vein by pressing 
the leg above the slit to cause vessel 
engorgement the 
The needle is inserted into the side of 


assists operation. 
the vein and is tested immediately by 
removing the pressure and drawing 
blood. The syringe, containing the 
activity, is brought up and injected 
directly the attached 
tubing and washed quantitatively into 


into rubber 
the vein with a small volume of normal! 
saline from the wash syringe 
the 
removed and the injection area pressed 


After a few seconds, needle is 
slightly with a cotton applicator for 
If the skin is shifted to one 
side before the slit exposing the vein is 
made, it will not be directly over the 


closure. 


vein when released and suturing will 
not usually be necessary. After dosing, 
the incision is sutured if needed, covered 
with and the 
placed directly in the metabolism cage. 
tech- 


Osserman 


collodion, animal is 

Various modifications of this 
nique have been reported 
and Mack (2/) 
apparatus for multiple uniform intra- 


described a simple 
venous injections of fluid, and Rhodes 
et al., (19) developed a technique fo1 
continuous intravenous administration 
of nutritive solutions to dogs, which 
might be suitable for radioisotope pro- 
cedures, A satisfactory apparatus for 
prolonged and repeated 
infusion in rabbits has been described 
by Detrick and Rhodes (22), 
Nickson and Barkulis (23) 
sented a holding apparatus to facilitate 


intravenous 


and 
have pre- 
mouse tail vein injections. 
Intratracheal and inhalation. In 
consideration of health 
personnel and the need for information 


hazards to 


on relative toxicities of insoluble dust 
suspensions and certain volatile com- 
pounds and gases, procedures for these 
routes of administration have been 
developed. 
The tracheal 


amounts of toxic materials to be 


route permits known 
intro- 
duced directly into the lungs and allows 
a more rapid appraisal of pulmonary 
toxicity and absorption from the lungs 


than is possible by the more difficult 
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inhalation studies. This technique has 
been employed effectively for beryllium 
by LaBelle and Cueci (24 


tice, the trachea is exposed and the 


In prac- 


needle is inserted between the rings for 
injection of the solution into the. lumen 
as previously described. 

been 


An inhalation chamber has 


designed by Baurmash et al. (25) for 
studying the effects of air-borne con- 
taminants. A rotating platform in a 
circular chamber permits uniform expo- 
number of experimental 
The 


cleaned and decontaminated. 


sure of a 
easily 
A mist 


chamber, described by Sprague et al. 


animals. apparatus is 


(26), has been employed in inhalation 
toxicity studies with beryllium sulfate. 
Smith and Gardner (27) described an 
exposure chamber for hydrogen fluoride 
inhalation by rabbits, and LaBelle et al 

28) constructed a complicated appa- 
ratus, fitted with a system of electronic 
controls, for study of uranium dioxide 
dust inhalation by rabbits. 


Management After Dosage 


After administration of radioactivity, 


the animal must be considered as a 
source of external radiation and as an 
origin of contaminating excreted and 
Only after 


amounts ol 


expired radiomaterials. 


use of relatively large 


activity is there a significant hazard 
to personnel from external radiation 
However, the possibility of effects of 
one animal on another should be taken 
into consideration where they are 
housed close together over prolonged 
The difficulties from 


excretions depend again upon the levels 


pel iods of time. 


used, but more particularly upon the 
physical and metabolic characteristics 
of the radioactive element o1 compound 
employed. 

When it is necessary to make quanti- 
tative separate collection of urine and 
feces, the cages and separators should 
be designed so that: (1) with a mini- 
mum of surface area exposed to the 
losses ure re- 


excretions, evaporation 


duced, (2) they can be easily cleaned 


of accumulated radioactivity, (3) cross 
and 
they 


replaced and discarded when 


contamination of feces urine 1s 


minimized, and (4) may be 
readily 
contaminated, 

Rats, mice, and guinea pigs. Nu- 
merous methods have been used with 
rats and mice for the separate collection 
of excreta (29-359). 

In this laboratory,. the equipment 
Hansard et al. (4 


described by and 


illustrated in Fig. 1, satisfactorily 


meets the requirements. -The conven- 


tional mesh-wire metabolism cages 
have removable and disposable bot 
10-in 


toms and are supported over a 


glass funnel by a fitted wooden rack 
A small inverted funnel, suspended by 
the the 
bottom of the cage, directs the urine 
the the 
supporting funnel and minimizes splat- 
The neck of the 
funnel is cut off at the base to allow 
a 1-2 cm opening that fits over the 
separators beneath 
that 
satisfactory in this 
Fig. 1. The separator 
No. 2 (32) 
adult 


a wire trom center ol mesh 


and feces to sides of large 


tering. supporting 


Two units have been found 
laboratory are 
illustrated in 
designated as has certain 


advantages when animals are 
used, or where several animals per cage 
but is fragile and 
hal- 


where periodic samples 


are being processed 


more expensive. For individual 
studies, 


taken, the No. | 


nearly meets the requirements (4) 


ance 


are to be unit more 


The latter unit consists of a 1-3 em 


glass bulb blown from a 5-in. length of 
30-mm glass tubing and drawn to a 
the 
a 15-30 ml graduated centrifuge tube 
restricted on 4 sides to fit the neck 


of the bulb, leaving space for the urine 


closed point S-12 em from top; 


to flow around the bulb and down the 
sides into the tube; a 3 & 3-in. block 
hole drilled to 
2,000-ml 
assembled by 
The 
tube is fitted in the prepared block 


of wood with a center 
fit the 


beaker 


tubes; and a Pyrex 


The 
first placing the bulb in the tube. 


unit Is 


support which is placed in the large 
The 
3-5 mm beneath the funnel supporting 
the the 
urine 


beaker bulb is centered about 


and unit is ready for 


The 


the bulb into the tube, and the feces, 


cuge, 


operation, PASSes around 


on striking the bulb, bounce into the 


beaker. This 


be readily with 


large arrangement can 


used conventional 
metabolism cages. 

In studies where quantitative sepa- 
rate collection of urine and feces is not 
necessary Of LD-50 studies are 
ved, the racks 


cages illustrated in Fig. 2 have 


when 


invol Inexpensive and 
been 
found highly satisfactory. The frame, 


the supporting !'9-in. hardware cloth 


and the cages themselves may be dis- 
carded when contaminated 
The 


single length of 12 * '4 in 


cages are constructed from a 
hardware 
cloth, and a 10-in. cake pan serves as a 


A hole in the top ol the cover 
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pan permits insertion of an 8-in. glass 
tube attached to the water bottle for 
convenient watering and refilling. The 
feed, in the form of pellets, may be 
placed directly upon the floor of the 
cage or placed in containers during the 
Feces and urine 
pass through the wire mesh for collec- 
These 
are discarded periodically or at the 
This pro- 


cedure minimizes personnel exposure 


experimental period. 
tion on a tray or on excelsior. 
termination of the study. 


time, adequately restricts the animal, 
and minimizes area contamination 
following isotope administration. 

Rabbits. In studies with rabbits 
involving collection of excreta,’ con- 
sideration must be given to the problem 
of coprophagy. When “recycling” of 
ingested fecal material interferes with 
the experiment, the animals should be 
collared (40). 

Selected 


cages, preferably with removable bot- 


commercial metabolism 
toms, have been satisfactorily adapted 
for use in radioisotope balance studies 
with rabbits. When it is desired to 
use several animals per lot, the com- 
mercial dog cage has been found satis- 
factory. The bottoms 
should be made from !4-in. hardware 
cloth or equivalent and the removable 


wire-mesh 


metal tray sprayed with strippable 
paint* to facilitate rapid movement of 
excreted urine and ease of cleaning. 
It is important that the feces pass 
floor to 
prevent recycling of nutrients or ani- 


readily through the wire 
mal contamination. A round piece of 
14-in. hardware cloth, 6-8 in. diameter 
with a raised center, placed over the 
urine outlet in the metal tray serves to 
hold the feces away from the neck of 
the funnel and minimizes cross con- 
tamination of the urine with feces. 
In experiments with calecium-45, where 
the greater part of the activity is in the 
feces, the low level of activity found 
in the urine confirms the adequacy of 
the procedure 

In operation, the urine carboy first 
is removed and the feces collected 
before the trays are washed down for 
salvaging of any adhering activity. 

Dogs. Gies (41) and Bliss (42) have 


described conventional metabolism 
units for dogs whereby the feces are 
retained by a wire floor and the urine 
is passed through the mesh and directed 


by a metal funnel to a collecting vessel 

A strippable paint called ‘*Cocoon” 
available from Hollingshead Corporation, 
Camden, New Jersey. 
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floor. In 


studies, however, contamination of the 


beneath the radioisotope 
area and the animal itself with excreta 
must be minimized. 

Hansard (43) has described a circular 
cage which effects the satisfactory 
quantitative collection of 
urine and feces eliminated by either 


separate 


male or females and avoids the fecal 
contamination which may occur in 
conventional units. A circular false 
floor comfortably supports the animal 
above a _ wire-mesh collection unit 
during the experimental period and 
keeps the animal oriented in such a 
way that all feces, regardless of the 
animal’s position in the unit, pass 
through the circular openings and are 
collected below on the removable mesh 
floor. 


mesh onto a galvanized metal funnel 


The urine passes through the 


which diverts it into a carboy below. 

Collection of expired gases. Spe- 
cial precautions must necessarily be 
taken in experiments where the ac- 
tivity may be present in a gas or 
expired air. This is particularly the 
case with isotopes such as carbon-14 


(44, 45), tritium (46), and radon (47). 
C 


arbon-14 is of tremendous value 
in metabolism studies. In general, a 
high percentage of carbon-14_ ad- 
ministered to an animal is rapidly 
eliminated as CO, (44, 48). Tritium 
may also become widely used to label 
physiologically 


a large variety of 


important compounds. This isotope 
may be a considerable health hazard; 
it undergoes wide distribution in the 
animal’s body, and indications are that 
some may be tightly bound in the 
tissues. 

Even where the levels are so low that 
no health hazards exist, there may still 
be the possibility of cross-contamina- 
tion of animals housed close together. 

If it is only necessary to dispose of 
expired gases, various arrangements 
may be employed utilizing hoods or 
other means of effective ventilation. 
Specialized cages may be used to trap 
the expired gas quantitatively for 
subsequent measurement and are prac- 
tical for use with small laboratory 
animals. A metabolism mask with a 
plastic face piece for dogs has been 
described by Gaeher (49) that may 
be suitable for radioisotope studies in- 


volving gas exchange. 


oe a a 

This article is published with the approval 

of the director of the Tennessee Agricultural 
Experiment Station, 
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Distribution of Radioactivity 
in Labeled Polymers 


Radioisotope distribution in a polymer depends on the labeling method used. 


Methods discussed are preparation from labeled monomers, addition of active 


groups to unreacted linkages, and mixing labeled and unlabeled polymers 


By LOUIS GOLD 
Lincoln Laboratory, Massachuse 


Cambridge, Massachusetts 


THE RADIOACTIVITY LEVEL of a sample 
is ordinarily assumed to be directly 
proportional to the quantity of materia] 
involved. If applied to tagged poly- 
mers, this principle carries with it the 
assumption that the polymer weight 


and radioactivity distribution fun¢ 


tions, in terms of molecular size on 


chain length, coincide. However, this 
is true only under special conditions 
Distribution of radioactivity in the 


polymer depends on the labeling 


method used. To examine the varia- 
tions in distribution, it is helpful to 
the mathematical formalism 
Flory (1 for 


employ 
developed by linear 


condensation addition polymers 
For simplicity, attention is restricted 
have not been 


to polymers which 


fractionated, 


Polymerized Labeled Monomer 

If No molecules of monomer having 
¥ units of radioactiy ity emanating trom 
some labeled atom are polymerized, the 
total radioactivity is 


R, = Nor l 


For each X-mer species in the radio- 


polymer, the radioactivity per mole 


cule is x + 7; 80 for Nx molecules of this 
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tis Institute of Technology 


species, the net activity then becomes 


Rr \V ~* oa * Fs 2) 


In the case of a linear condensation or 
addition polymer, the relation for N x is 
. (Ll — p)? 
\ y= A 0 f p* (3) 
P 
where p represents the degree of poly- 
merization with values 0 < p< 1. 
Hence for the radioactivity distribution 
in the polymer, combining Eqs. 2, 3 
and 1 
(1 — p)? 
Rx os Ri: u xrp* (4) 
P 
The 


polymer, similar to Eq. 4, is 


weight distribution for the 


"Pe a ape 
Pp 
where Wo is evidently the total weight 
of sample. Thus it is apparent that 
the specific activity Rx/Wx for each 
X-mer is the same as that for the total 
polymer, 1.e. 


Rx Rx/Wx = R./Wo (6) 


In the preceding analysis, all mono- 


mer units were radioactive; complica- 


tion may arise if only a fraction is 


labeled. 


of ideally 


However, under conditions 


random condensation o1 
addition with a reasonable quantity of 
radioactive monomer present, it is 
likely that a constant fraction of the 
labeled. If this 
fraction is a, the total radioactivity 


of the 


polymer X-mers are 


diluted’? monomer is 
R, a: r z 


Now for each X-mer species, on the 


premise of a fixed portion of the poly- 


mer molecule being labeled 
Rx \ x a Z°T 
Introduction of Eq. 3 gives 


(1 p)? 
P 


Rx Vo" 


which, from Eq. 7, is clearly seen to be 


identical with Eq. t+. Accordingly, the 
polymer prepared from diluted mono- 
mer may be expected to exhibit the 
same constancy of specific activity as 


prescribed by Eq. 6. 


Addition to Unreacted Linkages 
It is often more convenient to label 
after polymerization has 
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a polymer 





Thus, for example, 
in the physiological and clinical studies 
PVP and natural 
radioiodine em- 


been carried out. 


certain 
been 


involving 
proteins, has 
ployed as a radioindicator. 

An addition polymer will serve to 
essential features of a 
polymer labeled at its residual linkages. 
the fate of the terminal 
double bonds in such polymers is not 
settled matter. Indeed, 
there is much that remains to be done 


illustrate the 
Presumably 
a definitely 


of illuminating the mecha- 
In view 


in the way 
nisms of polymerization (2). 
of the uncertainty, it will be assumed 
that the terminal un- 
saturated. This approach will yield 
conclusions which can then be experi- 
mentally verified by alternative meth- 


linkages are 


ods of labeling. 

In any system of end-group analysis, 
the distribution of the number of end- 
groups is identical with the number- 
distribution relation stated in Eq. 3. 
the total number of un- 
reacted terminal linkages of an addition 


Hence, for 


poly me! 


« 


(1 — p)? 
, P » p= (10) 
Pp 


z=1 


V; = No(l — p) (11) 


If now 


I idioisotope, 


the relative uptake of a 
say I'*!, is established in 
the ratio W,/Wo, where W, 
are the respective quantities of 


terms ol 
and W 
iodine and polymer, then from simple 
stoichiometry 


W 2°(Ni/N) > My (12) 


¢ the Avogadro number and M, 


mass of iodine. Thus 


2~(Mi/Mo):(1— p) (13) 


the monomer’ molecular 


listribution of radioactivity in 
mer so labeled Is 


R y; = R, ~ Nx N, (14) 


with Eqs. 3 and 11, gives 


(l — P) 
P 


te" p* (15) 
The fact that Eq. 15 is no longer of the 


same form as Eq. 4 gives rise to 
asymmetry of specific activity. 
Thus, for the X-mer weight in the 


iodinated polymer, 
Wx Wx + Wi-Nx/Nt 
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(16) 


which, from foregoing considerations, 
gives 


(1 — p)? 
-* 2p* 
Pp 


Wx = Wo : 


ae ~2F- 


2W 
¥ Mo P 


p* 


(1 — p)? 
= We°- Pr 
P 


“(2 + 2: M;/Mo) 


p* 
(17) 


The ratio of Eqs. 15 to 17 gives for the 
specific activity distribution 


Rx = (R, Wool —_ P) . 


* (x + 2M1/Mo) (18) 


which indicates 
high and low molecular weight fractions 
that is augmented sharply as p— 1. 
At large enough values of x, the specific 
activity of each X-mer falls off linearly 
with 1/z. 


a disparity between 


Mixing with Unlabeled Polymer 

Situations may 
example, it is desirable ta reduce the 
label a 
greater quantity of material by adding 


arise when, for 


net specific activity, or to 


smaller amount of 
tracer polymer. If the nonradioactive 


polymer is completely identical with 


a comparatively 


the polymer formed from tagged mono- 
mer, then no alteration in the distribu- 
tion of radioactivity or specific ac- 
tivity will be expected. However, it is 
extremely unlikely that this will be the 
distribution functions 
are very sensitive to slight changes in 
the monomer, conditions 
of polymerization, ete. (3); distinct 
batches of polymer are not likely to 
have identical p values. Thus it will 
be the usual circumstance to anticipate 


case since the 


purity of 


activity modifications in the diluted 
specimen. 

Let us suppose that Wo» grams of 
unlabeled polymer, polymerized to po, 
are mixed with Wy, grams of labeled 
polymer with index p to make up W, 
While the 
radioactivity per se remains the same 
for each X-mer, the weight will be 
altered as prescribed by 


grams of diluted material. 


Wee = Writ Wx,o (19) 


where Wyx,, and Wx,» give the respec- 
tive weight contributions for labeled 


and unlabeled components. Thus 


(1 —_ Po)? 
. - ° 2D," 
Po 


(l— p)? 


Wx. = Wo: 


+ Wi: ‘rp* (20) 
pP 


which leads to the relation for the 


specific activity 


Rx 
_ p)? 


Rx/Wxa = 
—s 

xp? - | We: (1 Po)’ 
Po 


en 


P 
. (lL—p) ie 
‘xpot + Wi ae op | 
Pp 
h Wo l si 0 P 
= fu Me. (toP) 
VW L | u l l— Pp 
2S et | 
FP. (”") (21) 
Po p 
The properties of Rx may be con- 
veniently studied if Eq. 21 is rewritten 
Rx. = (Ri/W1)(1 + Bst-')~' (22) 


where 


a Wo ‘ l = Po 4 
o° 9, =»), 


There are three distinct 
Eq. 22, depending on the value of s. 


8 = po/p (23) 
cases for 
A. The case s = | (po P) 


wy\"' 
/W + —- 
(R. oi + i :) 


R./(Wo + Wz) (24) 


Rx. = 


which agrees with our understanding 
of the specific activity distribution in a 
The spe- 
cific activity of each X-mer species is 
the same as that for the entire polymer. 


B. The case s 


uniformly labeled polymer. 


<1 (po < p) 
Ry.» = R./Wi x 


1 
exp{—8(2- 1] (25) 


, Wo 
; +F Ww 


L 


where 


l — 0 : 
re ( ) >1,8=-—Ins (26) 
l—p 


Thus Ry, increases with X-mer size. 
At the 
where x 


lower end of size spectrum 


1, the specific activity is 


R, ,_ Wey” 
efi T f Ay 4 ] 


: R, ; R, 
Wi + FWo Wit Wo 


Rx i= 
(27) 


which shows that the lower limit begins 
below the average value for the entire 
For the 
upper end of the spectrum as z+ 


polymer as stated in Eq. 24. 


Rx, = R, ‘W 1, zi—> @ 28) 


which represents the net specific ac- 
tivity for the labeled portion of the 
Hence, the behavior of Rx, 
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mixture. 





for this case may be summarized by 


; R, Pi 4 R, 90 
Wi + FW, am ss 
Zz 4 
Cc. The Case & > ] pe 


Rx. = R,/Wi > 


| , We ae 
|! + F Ww, oP Be My 


where F < 1 and = In 

so that Ry , decreases with X-mer size 
The specific activity 
of the size spectrum for 2 | is 


R, ( , We) foe 
taal 29 Me aadealae 
R, a? 
Wit+FW.° Wit+W 


which is above that for the entire poly- 


at the lower end 


Ry = 


For the upper region of the size 


» wo, Ry, 0 


mer. 
spectrum, as x 


Thus this case can be summarized as 


0 < Rey < R/Wi,8>1 (32) 


“?Z 


At this juncture, the general be- 
havior of the specific activity distribu- 
tion in the radiopolymer prepared by 
mixing labeled 
labeled material is, at least in principle, 


batches of and un- 
completely circumscribed. It is 
fectly clear that wide variations in the 
skewing of the radioactivity 
either the low or high molecular weight 


per- 
toward 
species can arise in such preparations 


In actual 
virtually 


practice, however, it is 


impossible at the present 
time to obtain the degree of resolution 
indicated by the foregoing discussion 
Therefore it is worthwhile to reassess 
the results on the basis of some sort of 
weighted averaging which tends to 
level off extremes of specific activity. 

The average specific activity may 


be defined as 


To 
= 4 
(Rzsloe = ) Rs 
ay 
za=l r 
leads to the 
specific activity for the total distribu- 


where obviously Xo x 


tion given by Eq. 24. At reasonably 
large levels of To. iq. 33 becomes 


(Rx awe 


om »)2 
eee that 


P 


(1 — po)? [™ 
Wo = P | re dr 
Po Jz2=l 


La f* 
eso! | 
pP 


re l 


where a = ln p, b = In po. 
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Integrating and setting 
RQ - p)*? P, = Wo(] 
piln p)? polln po)? 
P; = Wi(1 — p)?/p(ln p)? 
p(ln p — 1), Jo = 


pP 


polln po — 1) 
(35) 
Then 
Rx t/ave 
P [p?*(xo ln p — 1) 
| P ol po? 
+ P3[p?°(xo ln p — 1) 


(to ln po — 1) - 


which, in the form of Kx 
Rx,t)ave = (Ri/W1): 
Py po®*(xo ln pu 


l + 


P; p**(xoln p 


po, Eq. 37 becomes 
R./(Wo + Wz) 


The evaluation for p # po is not as 


For p 

(Rx s)ave 
simple. Since z»>—> © gives the same 
reduction for arbitrary values of p and 
the 
Rx save May be deduced when po # p 
Thus 


po as for p = po, behavior of 
by inspecting Eq. 37 for a» — 1. 
po?(xo ln po — 1) — J: 0 
l)-—J; 0 


as ro | 


p*"*(xro ln p 
The evaluation of this limit gives 
Po® (ro ln po — 1) — Je 


lim 
n+ P*(toln p— 1) —J; 


(* 2) 
(Po/ P) 

ln p 
whereby hq. 37 becomes 


) 
(Px save 
ro—> | 


R, Wo (1 ») 
md Boe peer 

Wy W, l—p 

p, from Eq. 27 


Rx ,, F > 


Hence, when Po *< 


(Rx. save (40) 


zl 
And, for po > p, from Eq. 31 


(Rx t)ave = Rxw, F <1 
zl 


(41) 


The the 
distribution of specific activity based 


general inferences about 
upon ideal resolution, as expressed by 
Iq. 21, are thus valid even for cruder 
methods of sampling the size distribu- 
tion, for which Eq. 37 affords a quanti- 
tative basis of evaluation. 


Conclusion 

The preceding analyses should under- 
score the likelihood of serious error in 
data 
if the phenomenon under surveillance 
The 


following schemes can be invoked to 


the interpretation of counting 


is characterized by fractionation. 
ascertain whether fractionation is tak- 


ing place. 


If a doubly labeled polymer is pro- 


that radionuclide 


measures the 


vided such one 


directly weight of col- 
lected 


the method of labeling which leads to 


fractions and another typifies 
nonuniform specific activity for differ- 
ent spectral ranges of the polymer, 
then a simple plot of one set of counting 
results versus the other, for identical 
only i 


Where 


nonlinear, ju- 


samples, will be strictly linear 
no fractionation has occured. 
the resultant curve is 
dicious interpretation may yield some 
assessment of the nature of the frac- 
tionation process involved. 

Where it may not be convenient, o1 
desirable, to employ double tagging, 
the technique of mixing a large quan- 
tity of “inert” polymer with a small 
amount of uniformly labeled material 
can be carried out so as to produce a 
radiopolymer with severe skewing of 
in the low or high molecular 
Thus, should 


find diminished activity in either the 


activity 
weight segments. one 
very early or late collected samples, 
then this too would be strongly indica- 
tive of fractionation. 

The logical question provoked by 
the foregoing discussion is this: if one 
cannot prepare a radiopolymer by any 
other by that 
leads to complication should fraction- 


means except which 
ation occur in its application, then 
how may the counting data be cor- 
rected to correlate with actual quan- 
tities of material sampled? This ques- 
tion 
fuller appreciation of its implications: 


may be reworded to express a 


how may our knowledge of the various 
modes of polymer fractionation (such 
as may be instituted by thermal diffu- 
through membranes, 


sion, diffusion 


chemical ultra-centrifugation, 


etc.) be 


means, 
enriched from well-conceived 
experiments based upon the application 
of those the 


methodology of radiopolymers? Since 


principles underlying 
the reply to this query necessarily in- 
detailed 
theory ol 


volves development of the 


complex fractionation, it 


will be deferred for more appropriate 


consideration in forthcoming work. 


7 * * 


The author is grateful to Professor W. H. 
Stockmayer, De partment of ( hemistry Vas- 
sachusetts Institute of Te hnology, for helpful 


suggestions and criticism 
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LIQUID 


The ADL Collins Helium Cryostat 
made by Arthur D. Little, Inc., 
is the basic tool in extreme low 
temperature research. It lique- 
fies helium, hydrogen, and other 
low-boiling gases and maintains 
a test chamber from normal room 
temperature to within two de- 
grees of Absolute Zero. By 
using the adiabatic demagneti- 
zation process, the temperature 
can be further reduced as low as 
0.0015° Kelvin. 
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PARTICLES 


LIQUID HYDROGEN as well as liquid helium has become 
a necessity in many phases of nuclear research. These liquefied gases 
are the key to easily concentrated targets of protons and alpha 
particles. For this application they have a special advantage since 
high pressures are not required. More particularly, the density of 
liquid hydrogen corresponds to that of the gas at room temperature 
under a pressure of approximately 12,000 psi. . . And using the 
ADL Collins Helium Cryostat, liquid hydrogen as well as liquid 
helium can easily be produced in quantity. 


NUCLEAR PHYSICISTS are also interested in these 
liquefied gases as the main source for extreme low temperature. 
For example, nuclei have been successfully polarized and directional 
effects in radioactive emission observed at temperatures near 
Absolute Zero. For more information on the use of liquid hydrogen 
and liquid helium in the field of nuclear physics write for Bulletin 
N20A, Application of Extreme Low Temperature to Nucleonics, 


MECHANICAL DIVISION 


Arthur D. Little, Inc. 


30 Memorial Drive, Cambridge 42, Mass. 


Want more information? Use post card on last page. 
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Economical Shielding for Multicurie Sources 


By R. F. OBRYCKI, R. M. BALL, and W. C. DAVIDON 


Nuclear Instrument and Chemical Corporation 


Chicago, Illinois 


An economical method for shielding 
and storing a 25-curie Co source con- 
sists of submerging the source holder in 
mineral oil in a pipe sunk in the ground. 
When in use, the source is raised to the 
top of the pipe by magnetic coils. 

The complete apparatus is shown in 
Fig. 1. It is 
section of a basement, completely sur- 


located in an isolated 
rounded by concrete walls and a heavy 
door. 
which was loaded 
plated Co® disks 1 em in diameter and 
2 mm thick at Oak Ridge National 
Loading was done under- 


Fig. 2 shows the source holder, 


with three gold- 


Laboratory. 
water with the aluminum piece held 
in a vise. The assembled source was 
shipped in an 860-lb lead container. 


Construction of Apparatus 
The outer pipe, 4 in. in diameter, was 


coated with pitch to prevent corrosion 
and sunk in the ground. This shaft 
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is sealed at the bottom and has a tight 
cap at the top. In its center a brass 
pipe about 1 in. in diameter is placed, 
fitting into a slot in the bottom of the 
outer pipe. This center pipe also has 
a sealed bottom and a tightly capped 
top. 

The source holder fits on top of a 
source mover that fits inside the brass 
The 


soft iron, serves as the plunger for the 


pipe. source mover, made of 


solenoid system used to move the 
source from the bottom to the top of 
the pipe. Magnetic coils around the 
brass pipe are energized in succession 
from bottom to top as a multiposition 
switch on the remotely located contro! 


The 


designed that the source mover moves 


box is rotated. system is 80 
far enough into the upper of two coils 
that it 


tinues moving up when power to the 


energized successively con- 


lower coil is removed. 


The coils, designed and constructed 
for d-c operation by a local supplier, * 
are mounted on a frame that permits 
them to be removed or replaced with- 
out moving the center brass pipe. 
Both the iron and brass pipes were 
filled with DC 200 oil (0.65 centipoise). 
In the outer pipe, this oil insulates and 
cools the magnetic coils, allowing one 
coil to hold the source in a raised posi- 
tion for many days without overheat- 
ing. In the brass pipe, the oil attenu- 
ates the gamma radiation, reducing the 
to about 2 mr/hr at 65 in. 
This oil also keeps the source from 


intensity 


moving too fast during operation. 


Loading and Operation 

Original plans called for removing 
the source holder from the shipping 
with But 


container magnetic tongs. 


* Central Transformer Co., Chicago, Il. 
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the holder was shipped with the iron 
part down, and mechanical tongs were 
needed to remove the source from its 
position the Once re- 
moved, it was handled with the mag- 
netic tongs and dropped into a funnel 
that guided it into the brass pipe. 
There it to rest on the source 


mover. 


in container. 


came 


The two pipes were sealed, and the 
unit was ready for operation. Radi- 
is continuously monitored by 
commercial instruments (NICC 
models 2610A and 2584). Figure 3 
shows radiation intensities for various 


ation 


two 


positions of the stepping switch used 
to control operation of the lifting coils. 


Criteria Unit Meets 

The prime consideration in design of 
such a unit is the safety of personnel. 
This safety is provided by: 

1. Source in sealed container. Not 
only is the source holder threaded, but 
it is sealed within the central brass pipe 
so that possible damage from leakage is 
doubly prevented. 

2. Easy, safe loading. Except for 
turning the source holder over, loading 
went as planned and took about 15 sec. 
The operation was conducted about 
10 ft from the source by one person. 
Total exposure was about 60 mr. 

3. Adequate shielding. With the 
source at the bottom, storage position, 
radiation directly over the hole is about 
2 mr/hr. Everywhere else it is less. 

4. Tamperproof, fail-safe mecha- 
nism. The control box is 25 ft from 
unit, and the power switch is key 
operated. If source is raised too fast, 
or if any failure occurs, the source falls 
to the bottom of the unit. Electrical 
lifting makes it easy to use interlocks. 

5. Controllable dosage. Intensity 
can be varied by raising source to 
different by varying 
distance from irradiated object to top 
of The radiation beam, colli- 
mated by the earth surrounding pipe, 
is well defined and reproducible. 

6. Safe removal, disposal of source. 
The source can be removed by using 
magnetic tongs. If the 
entire center pipe could be disposed of 


heights and 


unit. 


necessary, 


without unsealing the system. 
7. Easy, safe repair. The 
parts that seem capable of failure are 


only 


the coils, the power supply, or switch- 
The latter two are external to 
and the coils can be removed 


ing 
the unit 
without raising the source or disturbing 


the center pipe. 
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Spectrophotometric curves showing presence of Fe in Th samples (hydrochloric 
Each 25-mi sample contains 8 mg Na»SiF, + 16 mg H;BO; 


Method for Determination of Iron 


in Thorium Metal 


and Compounds 


By LOUIS SILVERMAN and KATHERINE TREGO 


Atomic Energy Research Department, North American Aviation, Inc, 


Downey, California 


Thorium was formerly of industrial 
the preparation of 
incandescent mantles, but present 
interest is directed toward its radio- 
active properties. Thorium metal and 
thorium alloys are now actively being 
investigated, and chemical determina- 
tion of impurities is therefore necessary. 
Iron, one of the expected contaminants, 
is usually present in small amounts. 

The determination of iron as ferric 
chloride in 1:1 hydrochloric acid solu- 
tion has been found useful (J-3). The 
technique is without serious complica- 
tions since iron may easily be obtained 
in the ferric condition in 1:1 hydro- 
chloric solution; in particular 
examples, iron may determined 
without preliminary separations. The 
precision is about 0.02 mg (0.002%) 
with the method described here. 

In the visible range, several chlorides 


importance in 


acid 
be 


are markedly colored in hydrochloric 
acid solution (4). Besides ferric chlo- 


ride (yellow), there are copper (yellow), 


cobalt (blue), iridium 
(brown), trivalent rhodium (rose-red), 
as well as the less intense gold, pal- 
ladium, platinum, nickel and ruthen- 
ium. Higher concentrations of zine, 
mercury and sulfate may decrease the 
intensity of the iron color. But, in the 
particular case of purified thorium 
metal and thorium compounds, any 
of the elements just listed would be 
in small quantities, and would not 


quadrivalent 


interfere with iron determination. 
Thorium chloride is of prime interest. 
The for 
several samples of thorium chloride 
(0.5-1 gm of thorium per 25 ml of solu- 
tion) are drawn in Fig. 1. Absorbancy 
between 400 and 500 my is small for 
thorium chloride; in the near ultra- 
violet range the low absorbancy for 
thorium chloride may easily be com- 
pensated (Fig. 1). Consequently, the 
determination of iron in thorium by the 
HCL method was investigated. 
Thorium metal dissolved 
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spectrophotometric curves 


may be 








Analytic Procedure for Fe Determination 


Special Apparatus and Reagents 


Beckman spectrophotometer, DU, with 10-mm cells. 
Hydrochloric acid solutions, equal vol- 
Hy- 


, 1ron- 


Borie acid, ¢.p. 


umes of acid and water made up in large quantity. 


drogen peroxide, 30%, ¢.p. Sodium fluosilicate, ¢.p 


free; Na Sik. 


Solution Preparation 


Solution of thorium metal. Transfer a l-gm sample 
(chips) to a 100-mI beaker and add 8 mg of sodium fluo- 
silicate and 10 ml of 1:1 hydrochloric acid. The reaction is 
quite rapid at first, but the solution must be warmed to 
help dissolve the slower acting particles (oxide). 

Solution of ignited thorium oxide. 
ple to a 150-ml Erlenmeyer flask, 
fluosilicate and 10 ml of hydrochloric acid (specific gravity 
1.2). 
pletely dissolves. 

Preparation of sample. Aftei 
solved, add 16 mg of borie acid and 1 ml of 30% hydrogen 


Transfer the sam- 
add 8 mg of sodium 


Warm under an air condenser until the sample com- 
the sample has dis- 


peroxide. Evaporate to dryness, without splattering. 
Cool. Take up the residue in 10 ml of 1:1 hydrochloric 
acid solution. Transfer to a 25-ml volumetric flask and 
dilute to the mark with 1:1 hydrochloric acid solution. If 
there is a dark residue, usually carbon, filter through paper 


into the volumetric flask and wash with 1:1 acid. 


at a selected wavelength such 
at 0.0 density. 


read from a solution containing 


Read the optical density 
as 342.5 or 420 my, compared to wate 
Subtract the blank, if any 
the original reagents of boric acid, 


sodium fluosilicate, 


hydrogen peroxide and 1 gm of thorium salt (iron-free). 
From the corrected reading, obtain the iron value on the 


calibration curve. 


Calibration and Spectrophotometric Curves 


A sample of thorium nitrate is used as the ultimate 


thorium standard. Since the degree of hydration is 
uncertain, the thorium content may be checked by burning 
to oxide. The sample of thorium nitrate (water soluble 
equivalent to 1 gm of thorium metal, is treated as for 
thorium metal in the procedure, with the exception that an 
additional hydrochloric acid evaporation is performed to 
nitrate. 


remove Spectrophotometric curves of thorium 


samples are shown in Fig. 1. In Fig. 2 the following curves 
are shown: reagents, 0.2 mg Fe plus reagents, 0.2 mg Fe 
plus thorium, and | mg Fe plus thorium. Figure 3 shows 
superimposed curves of “‘mg-iron” alone and ‘‘ mg-iron”’ 
plotted 


All four graphs conform to Beer’s 


plus thorium at 342.5 my (8) and 420 my (9), 
against optical density. 
Law in the range of 0-0.5 mg Fe. 

Spectrophotometric curves are also plotted for elements 
that might be present in thorium as impurities; these are 


shown in Figs. 4, 5, and 6 





presence ol thorium if thorium is 


completely by hydrochloric acid with 
the aid of a little 
fluoride as catalyst (4-7). 


fluoride or silico 
Nitrie acid 
plus catalyst is just a fair solvent, and, 
by repeated evaporation with hydro- 
chlorie acid, the chloride is obtained. 

Thorium salts are converted to 
chloride by first igniting to the oxide, 
hydro 


with subsequent solution in 


chlorie acid plus catalyst 


Interference by Thorium 


Thorium chloride solution in 1:1 


hydrochloric acid solution is colorless 


in the visible range (Fig. 1), and forms 


neither colored complexes nor precipi- 
tates with cations in this acid solution. 
ultraviolet 
the 


low. 


Furthermore, in the 
the 
chloride 


neal 


region, optical density of 


thorium solution is 
Thorium itself, therefore, should pro- 
vide no interference in the determina- 
tion of impurity-iron in chloridesolution. 

Proof that thorium chloride does not 

lerric 
Fig. 3, 


where the ferric chloride absorbency 


interfere in the absorbancy of 


chloride solution is shown in 
plot is the same whether thorium is 
(0O-0.5 mg Fe). 


be determined in the 


present or absent 


Thus iron can 
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present at a concentration of 4 gm per 
100 ml of 
small, but 


there is 
definite, 
chloride in 


solution since 
ab- 
the 


near ultraviolet region, it is optional to 


nevertheless 
sorption by thorium 
subtract a blank for thorium chloride, 
wr to use pure thorium chloride in the 
blank cell. 

The necessary reagents, hydrochloric 
acid, sodium fluosilicate, boric acid and 
hydrogen peroxide (Fig. 2) show little 
tendency for absorption above 290 my, 
but at blank 


shorter wavelengths a 


must be subtracted. 








Wavelength 











FIG. 2. Optical density vs. wavelength 
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FIG. 3. Calibration of Fe: HCl method 


. 4. Optical density vs. wavelength 
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Optical density vs. wavelength 


graphs Fig. 3) not 
selectively chosen, nor are 


One 


are 
it random. wave- 
resents a point in the visible 
120 my This wavelength 

r filter photometers; itis a 

where iron solutions follow 

ind at this wavelength the 
lensity is adequate for quanti- 
Furthermore, the optical 
solutions of metals which 
with 


Fig. 6; 


associated thorium 


5; lead, zirconium, 
negligible. 
wavelength, 342.5 mu, 
th the bottom of a plateau 
This 
available to 
Beckman B. 


common 


he near ultraviolet. 
would be 
such as a 
ints of elements 
iminum, antimony, beryl- 
nickel or tin would not 

the determination. 
\.S.T.M. procedure for iron (1) 
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the 
n of iron in thorium metal | 


outine procedure for 
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FILTER REACTOR CATALOG 


easier to use, more complete than ever 


You'll find more than 500 units 

listed in the new CHICAGO Catalog 

. .. transformers for every application 
. . . presented in one complete, 
easy-to-use specification guide, 
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Transformers 
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You'll want this new CHICAGO 
Catalog for handy reference. It 
provides a wealth of terse factual 
information on CHICAGO 
Transformers for original or 
replacement use in the radio, 
electronic, electrical, aeronautical, 
geophysical, and automotive 
industries. Use this Catalog as your 
buying guide to the World’s Toughest 
Transformers . ... depend on your 
CHICAGO distributor for prompt, 
efficient service. 
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Oeposited 


CARBON RESISTORS 


Years of intensive research and 
development bring you match- 
less stability and accuracy. 

Dalohm deposited carbon re- 
sistors are manufactured under 
rigid controls in a special furnace 
developed exclusively by Dalohm 
engineers. This process, inciden- 
tally, eliminates soot which in- 
sures still greater stability. 

Pure carbon in crystalline form 
is bonded to a selected ceramic 
core and then sealed against 
moisture and other environmen- 
tal factors with a special silicone 
coating. 

Temperature coefficient 140 
PPM per degree C for the lower 
resistance ranges up to 500 PPM 
per degree C for higher resist- 
ance ranges. Three resistance 
ranges: DC-¥ (50 Ohms to 5 
Megohms); DC-1 (50 Ohms to 10 
Megohms); DC-2 (100 Ohms to 
50 Megohms). 1% accuracy. 


LWA rarer AV 


a 
DALE PRODUCTS, inc 


in Canada: 
Teletronics Corp., Ltd. Toronto & Montreal 


Want more Information? 


and thorium salts is based upon the 
results obtained from synthetic solu- 
tions. The coincidence of two curves 
for iron solutions, one with and one 
without thorium, indicates a series of 
10 precision checks. In the 
fact that the determination of iron as 


view of 


ferric chloride is not a new method, and 
the fact that 
absorbancy is concerned) 
chloride-thorium 
ferric chloride alone were present, it 


(insofar as 
the 


acts as il 


also from 
ferric 


solution 


may then be accepted that the pro- 
cedure proposed for iron in thorium is 


adequate. 
a ae 


This article is based on studies pe rformed 


Jor the Atomic Energy Commission under 


contract AT-11-1-GEN-S8. 
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Experimental Method for 


Determination of Counting Geometry 


By BEN KALMON 
Lewis Flight Propulsion Laboratory 
Aero- 


National Advisory Committee for 


nautics, Cleveland, Ohio* 


To determine the strength of a radio- 
active source by any of the standard 
the the 
source-counter arrangement, i.e., the 
fraction of the particles emitted by the 


methods, “geometry” of 


source that enters the sensitive region 
of the counter, must be known. If 
absorption and scattering in the region 
between source and counter are ignored, 
this quantity can be calculated on 
the basis of purely geometric con- 
This was 
cylindrically symmetrical case involv- 
ing a thin flat source, by Blachmant 
whose results appear in the form of a 


siderations. done for a 


series expansion involving the usual 
dimensional parameters of the system, 
viz., source and counter diameters, 2p 
and 
counter distance, z. 


2R, respectively, and source-to- 


In an experimental method due to 
Healy, et al.,{ a thin source whose size 
is small compared to the diameter of an 
axially symmetrical end-window coun- 
ter, is displaced a variable distance r 


*Present Appress: Goodyear Atomic 
Corp., Piketown, Ohio. 

+ B. P. Burtt, Nucteonics 5, No. 2, 43 
(1949). 

tJ. W. Healy, L. C 
Thorburn. Counter 
health instrument 
18258 (1950). 


Schwendiman, R. C. 
the 
HW- 


calibrations in 


methods group, 


Use post card on last page. 


the 
From 


along a radius perpendicular to 
axis of symmetry of the system. 
the measured counting rate as a func- 
tion of r(0 <r < p) the geometry of a 
radially symmetrical, thin homogeneous 
source of diameter 2p at a distance z 
from the counter, can be obtained by 
If the count- 


ing rate for a point source of intensity s 


an integration procedure. 


(total number of particles emitted per 
second) is designated as f(r, z), then the 
geometry g for an extended source of 
the sort contemplated is 


fr) 
g=2 I S(r, z) rdr/(sp?) 


provided the counter is 100% efficient. 
Another 
determining the geometry of a con- 


experimental method of 
figuration of this type is presented here. 
It does not require the use of a “point 
source”’ (and in principle can be applied 
also to the determination of the geom- 
thin distributed 
uniformly on a developable surface). 


etry of any source 
To carry out the determination of the 
geometry by the present method, a thin 
uniform source of this type is realized 
by soaking filter paper in a radioactive 
solution. disks of 
ranging from p down to p’, 


Kssentially, radii 
small com- 
pared to R and z, are made out of this 
material. The counting rate is deter- 
mined when each of these is placed at a 
given distance z from the counter. If 
the counting rate per unit area is 
plotted against the area of the disk, one 
is able to extrapolate to the value cor- 
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seaponding to » point sourcn lecnted| Winchester lSlectronics 


on the axis of the system. By compar- | INCORPORATED 


ing this value with that of an extended 


source of the same strength per unit 
area, the geometry of the extended | 
source can be obtained in terms of that | 


ola point source, 


Experimental Procedure 


The Geiger tube used in the measure- 


ments was a conventional bell-shaped y | 3 a 
end-window counter, with a diameter of | ! 2 
1.125 in. and a 2.0-mg/cm? mica win- | | 4 J | = 


dow The source was mounted so 
that it could be located at several 


positions along the axis of the tube at a ije 
known distance from the mica window. ibe 
The entire assembly was shielded by wet 


1.5 in. of lead. 
The source was prepared by immers- id J ye id 

ing a sheet of filter paper, 2.5 in. in 7) | ef } 

diameter, into an active solution of JA -_ 

natural uranyl nitrate. To assure a} 

uniform distribution, the filter paper 


vane elowil. te dee ina horizontal MMMCLASR) dC Ls 
position on the source holder. 


For the sake of convenience, the which may be useful 


diameter of the source was fixed by | 


covering the filter paper with a mask | Th) solving your 


consisting of a plece ol aluminum 





823 mg/cm? thick with a circular 


aperture of appropriate size. This lM IG LLMCL 401108 
thickness is sufficient to absorb the 


highest energy beta rays emitted by the design problems! 





source. To minimize back-scattering, 

the filter paper was supported on its 

periphery only 

The aperture diameters ranged from FUNGUS- RESISTANT, mineral 

0.25 to 2 in. in increments of 0.25 in. | filled, molded melamine body for high 

The measured counting rates were | 
| insulation, high arc resistance and me- 
chanical strength. 

covered by a solid aluminum plate of 


rangetaidey ot once: MONOBLOC* CONSTRUCTION 
As a check on the uniformity of the | 0 ¢liminate unnecessary creepage paths, 
source, it was cut into ten pieces after | moisture and dust pockets. 


corrected by subtracting from them the | 
counting rate obtained with the source 


the measurements were done, and an | 

area ol each piece defined by the mask | |'PRECISION MACHINED socket 
with the 0.25-in. diameter aperture was | contacts made from spring temper phos- 
exposed to the counter. The indivi-| phor bronze bar stock assure constant elec- 
dual counting rates agreed to within | ¢rical contact under severe conditions of 
+ 2.5% of the arithmetical mean value | acceleration, shock and vibration. They 
obtained from the ten pieces. are gold plated over silver for consistent 
| contact resistance, for prevention of cor- 


Results and Conclusions , , 
| rosion and for ease of soldering. 


lots were made of counting rates 


per unit area, C, against area and each ‘CADMIUM PLATED meta! shield 
curve extrapolated to zero area 8S | base for * ‘y” slot type shields for rigidity 
shown in Fig. 1. For convenience, the | and mounting strength. 
data are represented in the form of a 
semilogarithmic plot because of the | *Trade Mark 
large range of values involved. The | 

counting rate per unit area is nearly | 


MS7 


(7-Pin Tube Socket) 


MS9 


(9-Pin Tube Socket) 


PHOTOS AND DIAGRAMS 
ARE SHOWN ACTUAL SIZE 


MS7 mounts in Ye” dia. chassis opening; 
two Ve” mounting holes on %e" centers. 





MS9 mounts in 34” dia. chassis opening; 
two Ve” mounting holes on 1e”" centers. 


WINCHESTER 
ELECTRONICS 


INCORPORATED 


GLENBROOK, CONN., U.S.A. 
West Coast Branch: 
1729 WILSHIRE BOULEVARD, 
SANTA MONICA, CALIFORNIA 


WRITE OR WIRE TODAY FOR FULL DETAILS 


a linear function of the area, and thus | WINCHESTER PRODUCTS AND WINCHESTER DESIGNS ARE AVAILABLE 
the extrapolation is simple to carry out ; ONLY FROM WINCHESTER ELECTRONICS, INCORPORATED 
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FrP¢ HIGH MEGOHMRESISTORS 
FOR DEPENDABLE PERFORMANCE uP To 
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FIG. 1. Counting rate per unit area of 
source as function of its total area 
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care to achieve sta \ ‘ype (aon on 2 ~~ a © Experimental results of this" 
bility. High stability carbon HBF 5/10 million 3,500 ” Pn ne oe AO i ical a 
coating is applied on strong © mS Behe | — Blochmon equation 
non-hygroscopic steatite rod. 2°05" 

Helix coating provides long path length. Polyethlene jacket protects z/R*0.44 


against mechanical damage and humidity. Polarization effects and 8 
| 


noise level extremely minute. Easily mounted. 
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Tolerance: Standard is + 10%. Also available + 5%; + 2% to 
10,000 meg. in matched pairs. 
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. - _— aomncemnneell 0 04 08 6 2 
When designing any plug-in unit carmen 81 
REACH FOR THIS BASE | FIG. 2. Comparison of present experi- 


Molded boss to hold Holes to take brackets ment with previous investigations 
A mounting cards, or bail, kept well away 
from corners. AVOID THESE TROUBLES | 

OF USING TUBE BASES the extrapolated value, Co, was taken 

20-PIN FOR PLUG-IN PACKAGES | as the counting rate per unit area of an 

Also 11-pin an infinitesimally small source (point 

& MIN. ee eh, source). The geometry of a_ point 
7 & 9-pin i ae RIGID BRITTLE a 
j BOSS BREAKS source 1s 


. - ( =— ly a —}4) 
Tapped LONG PINS \\| Ip. of] (1 + 8)-”*] (1) 

















BEND EASILY where 


side holes, 


8 = R*/2 (2) 


eee OF The geometry, g, for a source of diam- 
G PINS y 
7 ster 2 
ea a A & CRACKS BASE = “1! =p IS 
TREMENDOUS , F Are you tired of throwing away perfectly J = Jpa.l/Co (3) 
FLEXIBILITY : } ~— good units on account of broken bases? 

Bases are complemented by | "| iw 6—~3 Values for g for source-to-window 
standard Alden components r| | | ES START RIGHT WITH ALDEN BASES v . ‘ 
handles, brackets, housings, |} (J Jr ee Bases specifically designed distances of 0.5, 1.0, 1.5, and 2.0 in. 
terminal cards to lick almost a 4 a De for Plug-in Unit Construction ‘ were determined in this manner. The 


any problem. Ms pon 
results are shown in Fig. 2. This 


NON-INTERCHANGEABLE ‘ Rugsedly designed Mounting holes | ninjen the webs alia 
< or specific well away from igure also contains the values optaines 
COLOR CODED oh well 
Choice of variable pin pat- ‘ : 
terns guarantees against mis- ¢ ; with the values of the parameters p 
mating. Color coding directs ; Nat P F 
lug-in to its correct socket, 11 to 20 pins in Rack-mounting : and z used in this investigation. In 
plug . : Sockets to match er i : 
many patterns 
Base patterns 


by Healy et al., as interpolated to agree 


both cases the tube window was the 


Also 20-pin, 11-pin, 9-pin, 7-pin MATING SOCK irs [14 same size (2R = 1.125 in. diameter). 


226-page * . . 1 , , 
Request free samples and free 226-page ‘“‘Alden Hand ee The geometry for the values of p, R 


book”’ of Plug-in Unit Construction ———-, Short, i tees ee ‘ : 
147 N. Main $¢., Brockton 64, Mass. o,f stubby prongs boss to and z used in this investigation, as 

ecterniapes A ¢ break or ’ 
pg tat song cake calculated by the use of Blachman’s 


.\) 
a \\ or break out crack base 
4 
— 


NA-ALD | LDEN Dp ODUCTS | QO. i) | Standardize on Alden Bases and Sockets, equation, are also included. 
; and your Design Problems vanish An inspection of Fig. 2 shows that all 
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the results agree within limits of experi- 
mental error. 
* * * 


s indebted to Mr. Benjamin 
Gerhart Groetzinger for valu- 





THE COVER 


Laboratory Studies 
of Uranium Deposits 


Geological occurrence of uranium 
ores on the Colorado Plateau has been 
the subject of extensive field and 


* Some of the ap- 


laboratory studies. 
paratus used at Ambherst College, 
Amherst, Mass., is shown on the cover. 

After field tests, the first experi- 
mental operation was to investigate 
fluvial deposits of heavy minerals. On 
i swimming pool floor a 1044 by 60 ft 
area Was enclosed with wooden planks 
12 in. high. This box was filled with 
glacial lake silt to constitute the bed of 
an intermittently flowing stream and 
the highlands source of water and silt. 
Fog nozzles above the highlands were 
used to simulate rainfall. 

Uranium-bearing samarskite was 
used as the heavy mineral deposit. A 
vein of this ore was simulated in the 
highlands transverse to the stream. <A 
G-M counter was used to plot distribu- 
tion of the radioactive samarskite after 
each “rainfall.”’ 

Anothet phase of these experiments 
Was a quantitative study of the relation 
between size and sphericity of detritus 
silt to conglomerate) and distance it is 
earried by a stream. Since there is 
little difference between moving water 
over a stream bed or moving the bed 
under the water, the S-ft diameter 
wheel was used for these studies. 
Equivalent water speeds of 2-14 mph 
were obtained, and detritus size and 
sphericity were measured at 10-mile 
intervals of travel for a total of 80 miles. 

Results. Good correlation was ob- 
tained with field studies. The only 
explanation of ore distribution that has 
no anomalies is the one attributing the 
ore to slight redistribution by artesian 
groundwater. Plateau ores occur in or 
adjacent to fluviatile sediments and 
generally avoid flood plain and aeolian 
accumulations. The origins of ura- 
nium and vanadium ores seem to be 


disconnected problems. 


° A ymplete report of these studies is | 


given by G. W. Bain et al. in “Experimental 
Simulation of Plateau Type Uranium De- 
posit RMO-44 (1953). 
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RADIATIO 


New 
CUTIE 
PIE 


A self-contained battery-operated 
air ionization chamber instrument 
for use in probing for beta and 
gamma radiation. Provided with 
shield for rejecting beta particles. 


EASY TO DECONTAMINATE. Highly polished formed 
aluminum case and especially cast low-porosity handle. 


MOISTURE-PROOF. I-piece gasketed case. 
SIMPLE TO OPERATE. Only 2 controls. Easily read 3” meter. 
3 SENSITIVITY RANGES. 50, 500, and 5000 MR/HR. 


IMPROVED BATTERY PACK. Only half as many batteries as in 
previous models, resulting in trouble-free operation. 


Improved 


JUNO 


Models SRJ-3 and HRJ-3 


A portable, lightweight, bat- 
tery-operated instrument, 
which measures the intensity 
of, and distinguishes between 
alpha, beta, and gamma 
radiation. 


@ REDESIGNED CASE. Better design has eliminated many 
joints and pockets, providing easy decontamination. 
Major joints are gasketed to minimize moisture effects. 
STRONG ALUMINUM HANDLE. Durable handle is especially 
cast and highly polished for minimum porosity. 
FEWER BATTERIES. Improved battery pack requires less 
batteries and provides more reliable operation. 
3 RANGES IN EACH MODEL: SRJ-3 (standard range): 
50, 500, and 5000 MR/HR. HRJ-3 (high range): 
250, 2500, and 25000 MR/HR. 





Both instruments were developed for the Hanford. Works & 
WRITE FOR BULLETINS © 


TECHNICAL ASSOCIATES 


Instruments for Nuclear Research 


140 West Providencia Avenue « Burbank, California 


Want more information? Use post card on last page 
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Send for your 


CATALOG TODAY! 
Oyer 1200 tube fittings 


in Stainless or Monel 


You'll want to complete your data file 
with this handy, dual purpose catalog 
Covers both parts specifications and 
technical information on Koncentrik 
flared-tube fittings... the only line that 
gives you DOUBLE protection against 
with 
Teflon-reinforced seat. Over 1200 


dangerous leaks the patented, 


combinations listed, for tubing through 
1” O.D. Literature also available cover- 
ing Powell valves with machined-in 


Koncentrik connections. Write today. 


THE SPECIAL SCREW 
PRODUCTS CO. 


5445 Dunham Rd., Bedford, Ohio 
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Contamination and Decontamination of Rubber Gloves 


By A. P. TALBOYS and S. S. COPP 


Johns Hopkins University 
Baltimore, Maryland 


tubber gloves used to avoid con- 
tamination of the hands when working 
with radioactive substances are often 
discarded if they become contaminated. 
However, in large scale operations this 
becomes a rather costly procedure. 
In view of this, a laboratory investi- 
gation was undertaken here to study 
the extent of contamination by several 
different isotopes, and to find effective 
means of decontamination to permit 
reuse of the gloves. 

Four representative types of rubbe1 
gloves were used in the tests: 

1. Surgeon's gloves. 
high-quality natural rubber. 

2. Yellow latex gloves. 
weight, natural rubber. 

3. Neoprene gloves. 
black neoprene with roughened fingers. 

4. Canner's gloves. Thin 
quality rubber with roughened fingers. 


Light weight 
Medium 
Heavy duty, 


low - 


Contamination Tests 

Samples cut from the gloves were 
suspended vertically from wire hooks 
in solutions of carrier-free I'*! (Nal), 
and isotopically diluted P®? (H3sPQO,) 
and Sr®* [Sr(Nos)e]. The pH of the 
solutions was adjusted with HCl or 
NaOH and measured with a pH meter. 
the 


momentarily in 


Following immersion, sample 


pieces were dipped 
distilled water to 


droplets of active solution and then 


remove adhering 
Placed in large alumi- 
the 
end-window 


were air dried. 
were 


G-M 


num  planchets, samples 


counted with an 
tube 

Rate of contamination. All 
ples adsorbed the radioisotopes at a 
low rate initially. But P*, and to a 
lesser extent Sr®®, was taken up at an 


sam- 


increasingly greater rate until a maxi- 
of contamination was 
High levels 
of contamination were not reached with 
[tst, 

Importance of pH. Peaks in the 
uptake vs. pH curves occurred around 
pH 4 and 11 for P**, With Sr*’, little 


contamination was present in the acid 


mum level 


reached in about 30 hr. 


range, but uptake increased rapidly 
with alkalinity. Uptake of I'*! 
favored by strongly acid conditions, 


was 


Use post card on last page. 


Effect of concentration. Contami- 
nation levels increased with concentra- 
tion of P**, leveling off at the highest 
ues 
The surgeon’s and yellow 


concentrations (35-40 used in 
these tests. 
latex glove samples absorbed less P*? 
than did the 
glove samples. 
the 
activity. 

In tests with Sr*? and [! 


neoprene and canner’s 
Roughened portions of 
‘anner’s gloves took up the most 
only minor 
differences among the various samples 
were observed. 
Temperature effects. 

temperature up to 94°C 
uptake of P** and Sr*’, but had only a 
slight effect on I'*' uptake 


Increase of 


accelerated 


Decontamination Tests 


Contaminated samples were sub- 
jected to three decontamination meth- 
ods: 


1. Simple immersion. 
solutions 


Desorbing ac- 


tion of various and decon- 
taminating agents on samples 

2. Immersion plus agitation. De- 
sorption aided by vigorous stirring 
and movement of samples in solutions, 
simulating laundering 

3. Scrubbing. Mechanical action of 
brushing combined with desorbing 
action of the solutions. 
solutions and 
included cold 
alkali, 


eitric 


Decontaminating 
agents used water, 
hot 
(DuRite, 
Versene, Igepal, and other chemicals 

Results. An 


and 


water, acids, detergent 


formula 8&5 acid, 


ordinary anionic de- 


tergent regular Versene were 
consistently the most effective decon- 
Surgeon’s gloves 
proved superior in all tests, and ['*! 
difficult to 


remove from contaminated samples 


taminating agents. 
proved to be the most 
15-min 


effec- 


tive than simple immersion (86% re- 


Agitation of the samples for 
periods was considerably more 
moval compared to 60% for P**), and 


in most cases almost as effective as 
scrubbing (up to 94% removal). 
Ordinary laundering procedures ap- 
feasible for decontamination of 
Where 


number of gloves are iny 


should 


peal 


rubber gloves. only a lmited 


olved, serub- 


bing give the est results 


possible 
* * » 
This article is based on NYO-4619 (1952 
which contains a more quantuative report of 


this work. 
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Lermac 

New 
High-Speed 
Electronic 
Vapor Detector 


A combination portable/laboratory unit designed primarily for the 


DETECTION OF MERCURY VAPOR 


SPECIFICATIONS: 

Power Required: 115 volts 60 cycles 

Power Consumption: 80 watts 

Weight: 28 Ibs. 

Dimensions: 164 x 9% x 10% (Excluding Handle & Jumbo feet) 
16% x 10% x 15% (Including Handle & Jumbo feet) 

Balanced Construction: Providing offset carrying handle for 

maximum convenience when used as portable in field. The posi- 

tion of the handle minimizes cluttering of panel space when 

instrument is utilized in laboratory. 

High Speed Resolution and Recovery: The quick action of the in- 

strument allows varying intensities of vapor to be monitored at 

the exact concentrations as they occur. Special design features 

of vapor sampling system give 10 second recovery time when 

sampling Hg Vapors. 

Highly Stable Operation: Obtained by the use of Internal Voltage 

Regulation, Balanced Bridge Measuring Circuit and Balanced 

Optical System. 

Hg Sensitivity Ranges: Scale A 0-3.5 Milligrams Hg per Cubic 

M 


eter 
Scale B 0-.1 Milligrams Hg per Cubic 
Meter 

Audio Alarm: This feature allows minimum interference with 
normal laboratory working procedures. The audio alarm may be 
set to operate at any level of vapor desired; audio alarm ad- 
justment conveniently located on front panel. Audio Output: 2 
watts at 1000 cycles (Loudspeaker). 
Zero Drift: When unit has reached its normal operating tem- 
perature a drift of less than 1% may be expected regardless 
of line voltage fluctuations within a range of 105 to 135 volts 
RMS. The stability of this unit makes it consistent and reliable 
in operation, and well suited to drive Chart Recorders. 
Automatic Start: A special automatic starting circuit is incor- 
porated (for Mercury Light Source) thus providing continuous 
eee monitoring regardless of interruption of power. 

. ; ? Conservatively Designed: May be operated for indefinite peri- 
5303 Adeline Street - Oakland, California ods of time. 
LABORATORY ELECTRONICS RESEARCH & MECHANICAL ACTIVE CHEMISTRY CERAMIC TO 
GLASSWARE EQUIPMENT DEVELOPMENT DEVICES EQUIPMENT GLASS SEALS 


The Lermac Vapor Detector measures accurately the amount of mercury 
vapor in the atmosphere. It is engineered to fill the complete require- 
ments of protecting personnel and apparatus against injurious contami- 
nation in laboratories, industrial plants and mines. Its sensitivity and 
accuracy far exceed the normal requirements of safety monitoring. 


The Lermac Detector has been developed for maximum efficacy both in 
the field and in the laboratory and offers a combination of important 
features not to be found in any other similar instrument. 


COMPARE THESE OUTSTANDING FEATURES — 


Minimum Drift Equipped with Fresh Air Standard 
High Stability can be accurately 
calibrated ina 


Accurac ; 
y contaminated area. 


Light Weight 


Cool Operation Audio Alarm — 


can be preset at 
Automatic Starting any level on both 


Continuous Duty Cycle ranges insuring 100 percent protection. 
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control 
motors... 


for extremely low inertia and 
high frequency response 


60 Cycle, 1’2-5-10 watt models 
Designed specifically for electronic systems— 
operate directly in the plate circuit of a 
vacuum tube amplifier. 


LOW VOLTAGE MOTORS 


Inertia 60 and 400 Cycle, 22-5-10 watt models 

0.23 oz-in.” He Recommended for normal two-phase applications. 
Weight is 
4.3 Ibs. advantages 


@ Linear torque—voltage characteristics 
@ Linear torque—speed characteristics 
® Withstand continuous stalling 

®@ High torque efficiency 

@ Flexibility of mounting 


Write for Descriptive 
Brochure about all 
Ford Control Motors. 


FORD INSTRUMENT COMPANY 


Division of The Sperry Corporation 


\ 31-10 Thomson Avenue, Long Island City 1, N. Y. 








For the First Time Anywhere 
POWER SUPPLIES 


with 


REGULATION 
S T A B 1 L i T Y SPECIFICATIONS 


Model 4008 1000 to 5000 V., O-1 MA. 
MEASURED IN Negative side grounded. 


Model 400C. 500 to 1500 0-1 MA, 
Negative side grounded. 

Mode! 4000. 1000 to 5000 0-1 MA. 
Positive side grounded. 


PARTS PER MILLION Mode! 4006. 500 to 1500 = 0-1 MA. 


SERIES 400 Pes site queanded. 


ESPECIALLY FOR NUCLEAR WORK Models to your specific voltage re- 
© Regulation—100 PPM for line voltages quirements available on order. 

105V to 130V. 

@ Load Regulation—75 PPM from no load Also 


to full load. : 
. oe aaa PPM for 3 hrs./500 PPM For wider voltage range and for higher out- 


per : — put current, for even greater stability and 
° Fipple~beter tho eae for regulation to 20 PPM, we offer the 300 
© Transient—free for all line disturbances. Series Precision Direct Current Power Supplies 
© Far more stable than —Catalog literature available on request to 


Jf JOHN FLUKE ENGINEERING COMPANY 


1111 W. NICKERSON STREET Represented by: 
SEATTLE 99, WASHINGTON BURLINGAME ASSOC. New York, Boston, Wash. 


Seattle; M. P. ODELL, Cleveland, Dayton; EARL 
LIPSCOMB ASSOC.,, Dallas, Houston; H. M. RICHARD- 
SON & CO., Minneapolis, Minn 
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D. C.; HUGH MARSLAND, Chicago; GERALD 8. 
MILLER CO., Hollywood, San Francisco, Albuquerque, 


“BOOKS. 


Meson Physics 


By ROBERTE. MARSHAK (McGraw-Hill Book 
Co., Inc., New York, 1952, viii +378 pages, $7.50). 
teviewed by JoHn A. WuHeeELER, Palmer 
Physical Laboratory, Princeton University, 


Princeton, N. J. 

Since Yukawa’s proposal in 1935 of 
an analogy between nuclear and elec- 
tromagnetic forces, with mesons form- 
ing the elementary quanta of energy 


|of the one field, just as photons con- 
stitute the quanta of the other field, 


enormous advances have taken place 
in meson physics, both theoretically 
and experimentally. With roughly 
forty papers a month appearing on the 
subject, Professor Marshak’s up-to- 
date summary is most helpful, both to 
the specialist working in the field and 
to the general physicist who wishes a 
summary of findings to date. 

Beginning with the single production 
of w-mesons in photon-nucleon, nucleon- 
nucleon, and nuclear encounters, the 
book goes on to the properties of m- and 
u-mesons and the production and 
interactions of w-mesons at cosmic-ray 
energies, and ends with a summary of 
new particles and new processes up to 
July, 1952. 

At each stage, a detailed comparison 
is made between the observations and 
the results obtained from various 
versions of the so-called weak-coupling 
and strong-coupling meson theories. 
On this score, the treatment is thor- 
oughly matter of fact; quite appro- 
priately no effort is made to enter into 
deeper questions of the foundations of 
meson theory. Instead, the reader 
is left with the justified impression that 
present meson theory has a qualitative 
correspondence with observation, and 
is on this account most illuminating; 
but is not in all instances quantitatively 
trustworthy. 

Topics covered include kinematics of 
single meson production in photon- 
nu leon collisions; weak-coupling theory 
of photomesic production; classical 
theory of photomesic production; elec- 
tron production of m-mesons; kine- 
matics of single meson production in 
nucleon-nucleon collisions; weak-cou- 
pling theory of single w-meson produc- 
tion In nucleon-nucleon collisions; 
kinematics of nuclear production of 
m-mesons; nuclear effects; production of 
charged mw-mesons in photon-nucleus 
collisions: production of w°-mesons In 
photon nucleus collisions; production of 
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charged m-mesons in nucleon-nucleus 
collisions; production of w°-mesons in 
nucleon-nucleus collisions; masses of 
m-mesons; decay of m-mesons; spins, 
statistics, and parities of w-mesons;cap- | 
ture of slow negative mesons; struc- 
ture of mesic atoms; nuclear absorption 
slow 7 ~-mesons. 

Also decay and absorption of slow 
u--mesons; mass of u-meson; decay of 
u-meson; spin of w-meson; nuclear | 
interaction of u-mesons; interaction of 
m-mesons with protons and deuterons; 
interaction of m-mesons with heavy 
nuclei at moderate and high energies; 
theories of plural and multiple produc- 
tion of r-mesons; kinematics of multiple 
meson production; experimental evi- 
dence for plural and multiple produc- 
tion of w-mesons; Auger showers; pro- 
duction and annihilation of antinucle- 
ons; heavy mesons; and V-particles. 


The extensive graphs and tables in 
this monograph, together with the | 
author’s careful analysis and assess- 
ment of the subject, make it an excel- 
lent starting point and reference book 


“MIGHTY 
MITE ‘sowves 


CHEMICAL PUMP PROBLEMS 


The Eco All-Chem Pump is the All-Teflon and stain- 
less steel pump that handles 70 percent of cor- 
rosive chemical requirements in Lab., pilot plant 
and small volume pumping in production service. 


for anyone working in the field.| 


BOOKS RECEIVED 


Mr. Tompkins Learns the Facts of Life, | 
by George Gamow, Cambridge Uni- | 
versity Press, New York, 1953, xi + 88 
pages, $2.75. Mr. Tompkins, the hero 
of two previous books by Professor | 
Gamow, learns something of biology in 
this popular account of what goes on 
in the bloodstream, what genetics is 
about, and how the brain works. 


Simplify selection; standardize on fewer types, 
models, sizes; minimize maintenance problems. 


READ THE SPECS .. . SPECIFY AND TRY 


© Type Pump: Positive displacement with two opposed 
axially oscillating impellers equivalent to duplex piston 
operation. 

© Volume: Y2 to 10 g.p.m. maximum at 1750 RPM 
(water). 

@ Pressures: to 70 psi. 

© Suction Lift: Highest over widest temperature and vis- 
cosity range. 

@ Corrosion Resistance: Lowest corrosion rate due to in- 
ternal flow pattern. Handles all chemicals that stainless 
steel No. 316 will handle. 

© Pump Operating Characteristics: Linear delivery. No 
air entrainment. Non-foaming. Unequalled for safety in 
handling hazardous liquids such as nitric acid and hydro- 
gen peroxide. Self-priming on non-volatile liquids. 

e Drive: Applicable to direct motor drive at 1750 RPM, 
as well as to all other standard driving methods. 


hen 


PUMPS 


Refractory Hard Metals, by Paul 
Schwarzkopf and Richard Kieffer with 
Werner Leszynski and Fritz Benesov- 
sky, The Maemillan Co., New York, 
1953, xi + 447 pages, $10. (To be 


reviewed. ) 


ALSO OF NOTE 


Table of the Arctan x, 2nd ed. (Na- 
tional Bureau of Standards Applied 
Mathematics. Series 26). In addition 
to continuing the table of arctan z, the 


present volume includes coefficients for 
interpolation and a conversion table 
that converts radians to degrees and 
degrees to radians. GPO, Washington, 
25, D. C., $1.76. 

Zirconium, A Bibliography of Unclassi- 
fied Report Literature (TID-3010, 
Supplement 1). Abstracts of 95 re- 
ports in the unclassified literature 
available up to March 15, 1953. | 
Office of Technical Services, Department 


of Con merce, Washington 25, D. C., 4 ENGINEERING COMPANY 


’ 


$0.20. Sw oe owe oe oe ee esses !? New York Avenue « Newark ] © New Jersey an 
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NEWS 


House Committee Approves AEC Budget of $1.06-Billion 
for Fiscal 1954; Cuts $39-Million from Request 


The House Appropriations Committee slashed $39-million from Presi- 
dent Eisenhower’s request for appropriations for the Atomic Energy 


Commission for fiscal 1954. 
appropriations bill will now be passed 
by the House and Senate with no 
further changes. 

The original Truman budget called 
for $1,593-millionfor AEC. The Eisen- 
hower revision of the budget brought 
this figure down to $1,096-million 
(NU, June '53, p. 86), and the final 
version, approved by the committee, 
calls for $1,058-million. 

Details of the Eisenhower request 
are given in the tables below, with 
last year’s figures shown for compari- 
No plant 
equipment appropriations have been 
Both the 
Committee allowed the same amount, 


son. breakdown on and 


released. Eisenhower and 
$166-million, for plant and equipment. 

The major portion of the cut of 
$39-million came from money carried 
on AEC books as working capital, 
$33-million, which was ordered returned 
to the Treasury. 

The other cuts made in the budget 
were as follows: community operation, 
$69,000; program direction and admin- 
istration, $2,706,000; and inventories, 
$2,682,000, 





AEC Plant and Equipment 
($-thousands) 


Budget 


Raw materials 1,400 9,105 

Fissionable ma- 

533,487 
86,496 
32,478 

2,430 
SY 


2,624,721 

5OR73 
Reactor development 42,927 
Physical research 4,203 
Biology and medicine 856 
Community 8,652 
Administrative 14 0 
Equipment not 

included in con- 


terials 
Weapons 


5,633 


29. 616 
699,636 


struction projects 27,812 
Total obligations 2,770,458 
Unobligated balance 

carried forward 

from prior year 
Total 

appropriation 


500,083 —533,636 


3,270,541 166,000 


By the normal processes of Congress, the 


Issues Now Clear on 
Changes in McMahon Act 


The principal issues to be faced in 
Congressional hearings on revision of 
the Atomic Energy Act of 1946 have 
been made clear by the Government 
and industry officials who have gone on 
the record with opinions and ideas on 
the subject. 

At this writing, the Joint Congres- 
sional Committee on Atomic Energy is 
holding executive sessions, with testi- 
mony already having been taken from 
the Atomic Energy Commission, the 
Joint Chiefs of Staff, the State Depart- 
When 


this issue appears, it is expected that 


ment, and private industry. 


public hearings will have been in ses- 
sion for about a week, with many of 
the same witnesses performing again. 

Some of the questions that have been 
raised are: 


1. Do we have enough of a potential 


for supplies of fissionable material 


to foster development of nuclear 


power for industrial use? 

2. What would the effect of a private 
nuclear power industry be on negotia- 
tions for international control of atomic 


energy? 


3. Would the national security be 
endangered if industry were to take 
on considerable responsibility for nu- 
clear power development? 

4, What about the physical security 
of vital plants and the security of 
vital information? 

On June 2, the Joint Committee met 
with the Joint 
Chiefs of Staff to consider the effects 
of the development of nuclear power 


representatives of 


on the military use of fissionable 


materials. The representatives of the 
Joint Chiefs recommended that any 
legislative changes to further nuclear 
power development should include 
adequate safeguards to protect military 
claims on fissionable materials, and 
concurred in the view that the develop- 
ment of nuclear power by private enter- 
prise would be beneficial to the military 
services and to the national security. 

that in the 


under- 


It was further stated 


event private enterprise did not 





Operating Costs for AEC Programs ($-thousands 


/ 


1963 1954 


RAW SOURCE AND FISSIONABLE 
MATERIALS 
Procurement, production 
taw source and feed 
materials 102,727 178,700 
Fissionable materials, 
special products 136,127 205,767 
Process, development 
Raw source and feed 
materials 7,486 
Fissionable materials, 


8,069 


35,035 
281,375 
WEAPONS 253,068 
REACTOR DEVELOPMENT 


Production and power 


31,402 
123,938 
299,833 


special products 
Tora. 


reactors ,»700 
Ship propulsion pro- 
gram 750 
Aircraft propulsion 
program 5,200 


Other reactors , 0 


1958 1954 


General development 12,660 12,500 
Operation of specific 

reactors processing 
8,600 


87,750 


8,575 


92,862 


plants and facilities 
Tora. 

PHYSICAL RESEARCH 
Isotope program 564 
18,445 
14,394 


564 
18,295 
14,654 


Physics research 

Chemistry research 

Metallurgy 

terials research 

Mathematics 

University training 
Toran 

BIOLOGY AND MEDICINE 


Cancer research 


and ma- 
1,634 
{100 
763 


38,900 


1,634 
250 
503 

38,900 


2,479 2,974 
6,786 6,993 
10,861 11,276 
4,360 4,616 


General research 
Biological research 
Biophysical research 
University and special 
714 
25,200 


706 
26,565 


training 
TOTAL 
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take rapid nuclear 
power, it was the view of the Joint 
Chiefs that the Government should 
continue to push ahead in the field. 

On June 4, the Joint Committee met 
with Under Secretary of State Walter 
B. Smith to discuss foreign policy 
implications of legislation designed to 
foster development of nuclear power. 
Smith’s statement touched on the 
importance of maintaining United 
States leadership in the field of atomic 
energy, and the procurement of raw 
materials. 

He also stated that it was the view 
of the State Department that any 
legislative changes designed to further 
the development of nuclear power 
should take into account the Govern- 
ment’s continuing interest in bringing 
about international control of atomic 


development of 


energy. 


Group Would Pay Reactor 
Costs if Act is Changed 


The Co.— Detroit 
Edison Co. nuclear power group will 


Dow Chemical 
invest its own money in the building of 
a nuclear power plant if the Atomic 
Energy Act is revised to permit this. 
The group stated that it 
would not substantial 
Federal subsidy or guarantee for this 


has also 


require any 
program. 
This 


statements 


last month in 
Walker Cisler, 
president of Detroit Edison, and Dr. 
John Grebe, of Dow, in secret hearings 


was revealed 


made by 


before the Joint Congressional Com- 
mittee on Atomic Energy. 

last month, in a talk before 
the Edison Electric Institute at Atlantic 
City, Cisler said, ‘The development 


Earlier 


of atomic fuels for the generation of 
electric power is rightfully the responsi- 
bility of the electric power industry. 
The electric power industry should 
largely assume the costs of the develop- 
ment. The industry, in this sense, 
includes not only the electric power 
systems themselves, but also the power 
equipment manufacturers, the engi- 
neering and construction fields, power 
etc.” 

“Construction, testing and experi- 
tech- 
Cisler added, “will require 


consumers, 


mentation [in nuclear power 
nology |,’ 
the expenditure of substantial sums of 
money. This should be regarded in the 
same light as other research and devel- 
efforts the 


beginnings of the electric industry.” 
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Pentagon Economy Wave Caused Confusion 
in AEC Power Plans; Large Ship Reactor Cancelled 


The road which the United States is taking in the pursuit of atomic 


power for industrial use is by no means a bee-line. 


Partly because of a 


military requirement for nuclear propulsion, and partly because of the fear 
that Congress would not appropriate funds for a purely civilian, peacetime 


atomic power unit, the Atomic Energy 
Commission is not following the direct 
road to industrial atomic power. In- 
stead, it has taken the military route, 
placing emphasis upon mobile propul- 
sion units. 

As Chairman of AEC, Gordon Dean 
stated that the development of indus- 
trial atomic power would benefit from 
the military reactor program, ‘The 
dividend in knowledge we will gain,” 
he said, “will have a direct and im- 
mediate application to our effort to 
produce commercial civilian power.” 
In view of recent shake-ups that have 
occurred in the military reactor pro- 
gram, it can be seriously questioned 
how direct and how immediate this 
application will be. 

The shake-ups in the military reactor 
program have not been fully reported. 
They have resulted from high-level 
decisions in the Pentagon to reduce 
Enough can be 
fairly 
complete picture of what has happened, 


defense expenditures. 
gathered to piece together a 


but to see how the pieces fit together 
we must look at 
planned prior to the Pentagon’s cut- 
back or stretch-out in military spending. 


what reactors were 


The military reactor types before 
the shake-up can be classified under 
three headings appropriate to each of 
the services: 


Naval Reactors 


There three reactors in this 
group. 
Submarine thermal reactor (STR). 


A land-based prototype of this naval 


are 


propulsion plant has been built into a 
simulated submarine hull at Arco, 
Idaho. On May 1, 1953 this reactor 
went into operation. An improved 
version of the Arco design is being 
built by Westinghouse Electric Corp. 
and will be incorporated into the U.S.S. 
Nautilus. The latter is scheduled to 
hit the water sometime late next year. 

Submarine intermediate reactor 
(SIR). The land-based unit for this 





power plant is being built by General 
Electric Co. In contrast to the water- 
cooled STR design, the SIR unit will 
use a liquid-metal coolant. Construc- 
tion of the prototype SIR unit is under 
way. 

Large ship reactor (CVR). About 
one year ago, the AEC awarded a con- 
tract, with Navy Bureau of Ships par- 
ticipation, to Westinghouse to design 
and construct a large atomic power unit 
for surface ship propulsion. It 
intended as a prototype for a single- 
shaft drive of the third supercarrier 
authorized by Congress. It is known 
that AEC looked upon this reactor as a 
two-in-one design. The Navy could 
use it for testing out its carrier propul- 
and AEC would gain 
practical experience with it as a proto- 
industrial 


was 


sion design, 


type of a civilian power 


producer. 


Air Force Reactors 


The Air Force and AEC haveentered 
into a contract with the Gas Turbine 
Division of General Electric (Lockland, 
Ohio, plant) to design and develop a 
reactor for powering an_ aircraft. 
This contract replaces the previous ill- 
fated NEPA project of the Air Force. 

A second contract was negotiated 
with Pratt and Whitney. 

Gordon Dean recently revealed that 
the Air Force objective in nuclear 
propulsion was “simply having some- 
thing in the air by some time in 1958, 
even though it was never the ultimate 
plane—something that could go 300 
miles an hour at 15,000-ft altitude.” 


Army Reactors 


The Army is studying the possibility 
of using reactors to supply power for 
its isolated bases. However, as an 
Army officer stated this spring “this 
is a Johnny-come-lately thing. There 
is virtually no money in the army 
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sO far 


Thus, 


as this report is concerned, we can 


budget for this study.” 


disregard the Army reactors. 

This, then, was how things shaped 
up early this spring with the military 
focusing their requirements upon four 
And because AEC 
had patterned its reactor program to 
the 
whole AEC reactor program, so far as 


different reactors. 


conform to a military profile, 
power is concerned, focused on these 


same four reactors. Because of the 
design nature of these reactors, only 
one, CVR, held any promise of con- 
tributing directly to an industrial 
atomic power plant. 

In May of this year, Defense Secre- 


Wilson, 


economy ax, swung it in the direction 


tary having sharpened his 


of military reactors. There is no 
indication, judging from what can be 
that the 


well 


deduced in) Washington, 


economy blows were all aimed. 
In one move, Secretary Wilson lopped 
some $7-million off the funds budgeted 
for the aircraft 
nuclear Mr. 


Wilson: ‘If everything worked out as 


next fiseal year in 


projects. Commented 
the scientists planned, it would have 
Actually the 
$7-million slash was not protested by 
the Air Force since the project that 
was cut back had been one that em- 


been a bum airplane.” 


barrassed its backers, and, witheconomy 
as the excuse, it was simple to ease out 
of what promised to be a dead-end 
Thus the cuts in the aircraft 
reactor budget are not serious. But 
the budget cut-back in naval reactors is 


project. 


serious and directly affects AEC hopes 
for industrial atomic power. 

As a result of a defense department 
review of its military reactor program, 
it recommended to the National Secur- 
ity Council that work on a prototype 
for CVR should be stopped. It is 
reported that Mr. Wilson stated that 
ultimately the power plant for the 
super-carrier would cost $175-million 
and that this was a job which private 
industry could undertake for much less 
money. 
Navy official stoutly denied that any 
such figures were involved; in fact, he 


Queried on this point, a top 


maintained that no cost estimates had 
been made. 
If the Navy Department was miffed 


by Wilson’s decision to cancel CVR, the 


AEC was sorely dismayed. It was 
forced to drop $16,350,000 from its 
budget request for 
And it had to include a request for 
$3,700,000 to defray cancellation of the 


Westinghouse contract for CVR. 
66 


naval reactors. 


Industrial Power Reactor 


Caught by surprise, the AEC moved 
quickly to somehow or other put into its 
program a reactor for industrial power 
development. Gordon Dean sent a 
letter to the White House and put in an 
appearance before a special meeting 
of the Joint Congressional Committee 
on Atomic Energy, of which W. Sterl- 
ing Cole (R., N. Y.) is chairman. 

After Dean’s visit to the Joint Com- 
mittee, Cole sent a strongly worded 
letter to John Phillips, chairman of the 
Independent Offices Subcommittee of 
the House Appropriations Committee. 
In this letter, dated May 20, Cole 
stated: 

“T believe that it is not only ridiculous 
but dangerous beyond our ability to 
foretell that we should not appropriate 
over a billion dollars for continuing 


atomic weapon supremacy and yet 
allow nothing to start building at least 
one atomic power plant for peacetime 
This is not an act of economy 
but of folly . the 


vanced by Secretary 


use. 
argument ad- 
Wilson 
Deputy Secretary Kyes in the National 
that 
panies are ready and willing to put up 


and 


Security Council private com- 
private capital to do this job is just 
not true. A mere trickle of private 
money will be available, and that only 
when the law (Atomic Energy Act) is 
changed.” 

In his letter, Cole urged that the 
nation undertake to build a prototype 
of an industrial atomic plant costing 
$71-million, with 


over a period of from 3 to 5 years. In 


costs spread out 
its appearance before the Appropria- 
tions May 19, AEC 
asked for $4.2-million to do research 


and 


Committee on 


development upon a_ reactor 


design similar to that for the aban- 
doned ship reactor—a high-pressure, 
light-water type, which could power a 
250,000 kw-electrical generating plant. 
The 


proved this, and in addition, $7-million 


Appropriations Committee ap- 
has been made available for the con- 
struction of such a reactor. 

In commenting upon the program 
before Congressman Phillips’ Appro- 
Committee, Gordon Dean 
the fact that the 
energy budget contains risks. Aiming 
his remarks at Dean 
“T believe, too, that any further reduc- 


priation 
stressed atomic 


reactors, said: 
tion in plans for reactor development 
and research will do a tremendous dis- 
the this 
direction most surely lies the greatest 


service to nation. For in 


promise for the peacetime application 


of atomic energy over the next decade 
or more.” 

Dean’s observations, made in 1953, 
have much the same ring as did David 
Lilienthal’s when he took over as AEC’s 
first that how- 
ever, few would have predicted that in 


1953 the United States would be with- 


chairman. At time, 


out a prototype nuclear power plant. 
Even the pessimists were not so gloomy. 
Yet these are the facts. There is no 
civilian atomic reactor except in the 
This is exactly the 
the 


found itself in the first vear following 


blueprint stage. 


same condition in which nation 


the end of the war. We are now told 
that 


delay in atomic power development 


there is to be an even greater 
because the military crutch upon which 
the AEC 


weakened by cut-backs in the military 


was depending has been 


program. So, to use the parlance of 
the day, peacetime atomic power is 
undergoing a stretch-out. 

One ask “Is it not 
abandon the shaky military crutch and 
go directly at the task 


civilian atomic power?”’ 


can time to 

of getting 
After all, the 
various industrial study teams which 
have taken a good hard look at the 
prospects of atomic 


economic power 


have turned in optimistic reports. 


The 


development are no longer considered 


technical obstacles in reactor 


as prohibitive to building a practical 
power plant. What then are we wait- 


ing for? The one-word answer 


plied by the AEC is simply “‘ money.”’ 


sup- 


It is a curious commentary upon our 
times that we should be lacking money 
for a sure-thing (an industrial atomic 
power station) and have plenty for a 
long-shot (an aircraft propulsion unit). 
Of course the atomic plane enjoys a 
But should not the 
enjoy 


military priority. 


industrial reactor also some 


priority, too? Does industrial atomic 
power have to continue to be a step- 
child to military atomic propulsion? 

A clear mandate to promote atomic 
power development is given to AEC 


While the 


Congress is currently inclined to close 


in the Atomic Energy Act. 


its purse strings for anything except 


items of military importance, it is 
highly doubtful if it would go on record 
peacetime development 


AEC 
out 


as opposing 


otf a new source ol power. 


battle it 
with the Appropriations Committee, 


officials might have to 


but given a solid program and an 
aggressive attitude there would be no 
doubt about the outcome. 


-Ralph Lapp 
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Cole Wants Power Reactor 
to be Built Soon 


tep. W. Sterling Cole (R., N. Y.), | 
chairman of the Joint Congressional | 
Committee on Atomic Energy, has 
called for actual construction of a 
reactor power plant. 

In a speech early in June, Cole said, | 

The time has come to get a full- 
scale power producing atomic reactor 
out of the research and development | 
stage, and into the construction stage.” 

Cole said that if private industry is 
not ready to do the job with private | 
funds then he believes that the Atomic | 
Energy Commission, with Government | 
money should immediately under- | 
take the construction of a prototype, | 
power-producing reactor.” 

Commenting on the provisions of the | 
Atomic Energy Act, changes in which | 
ire now being discussed by his com- 
mittee, Cole said: ‘I would regard it as 
unwise in the extreme if the Atomic | 
Energy Act were to stand in the way of 
firms who wish to pioneer in this area 


of enormous technological promise.”’ with 


his subject. he also said hat : 
ui pene oa sate maou Pp ft Ch t ; fl 
indicating that private industry is ermanen arac eris cS 


ready to build power reactors with ite The solid molded construction gives Bradleyunits a wide 


safety factor. They are not crowded for performance because 
they are rated at 7OC . .. not at the usual 40C. Under con- 
tinuous full load for 1000 hours, the resistance change is less 
than 5 per cent. 

They withstand all extremes of temperature, pressure, and 


own tunds 


AEC Supports New and 
Enlarged Accelerators humidity. And, don't forget that Bradleyunits require no wax 


impregnation to pass salt water immersion tests. 

research division of the Atomic Energy Bradleyunits are packed in honeycomb cartons to keep the 
Commission, 13 accelerators are being leads straight and avoid tangling during assembly opera- 
built or raised in energy, according to tions. Made in standard R.T.M.A. values in 2- and 2-watt 
Thomas H. Johnson, director of the ratings from 10 ohms and 22 megohms; | watt from 2.7 
division ohms to 22 megohms. Let us send you an A-B resistor chart. 


The following machines are having 
hip ARE EE Allen-Bradley Co., 106 W. Greenfield Ave., Milwaukee 4, Wis. 


Under the physics program of the 


their energy increased: the Cornell 
ynehrotron, the Michigan synchro- 


tron, the Cal Tech synchrotron will be 
raised to 1 Bev, and the Berkeley —Ann-— 
' , on 4.4 7! 
evclotron will be raised to 750 Mev. 
SIZES OF BRADLEYUNITS 


The following machines are in con- D 
‘ Rat L th iameter 
struction: a 300-Mev synchrotron at ey 3/8” 9/64" 


Purdue, a 500-kev Cockeroft-Walton l-w 9/16” 7/32" 
it Brown, a 68-Mev proton linac at 2-w 11/16" 5/16 


Minnesota, a 32-inch cyclotron at 

Oregon, a 10-Mev electron linac at 

Purdue, an electron pulsed linae for 7, Ty 

neutron time-of-flight spectroscopy at yg 

Yale, the bevatron at Berkeley, and a A L L * -= R i? A D L e y 
1-Bev electron linac at Stanford. { 


Finally, a 6-Mev Van de Graaff will 


be ordered by Columbia. FIXED & ADJUSTABLE RAD RESISTORS 
The - ysics program is being con- Sold exclusively to manufacturers Sua of radio and electronic equipment 


ducted by more than 400 scientists in 
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Ns 


For nearly half a century Koll- 
morgen has designed, developed 
and manufactured precision op- 
tics and optical systems for in- 
dustry and the military. 


We have the engineering “know- 
how”, the design personne! and 
the manufacturing capacity to 
help you solve your optical 
problem. 


KOLCAeRcEN @ 
® 


CORPORATION 


Plant: 347 King Street + Northampton, Mass. 
New York Office 
30 Church Street 
New York 7, N.Y. 
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| Dean. 


the facilities owned by AEC and by 
more than 900 scientists in universities 
and other privately and publicly owned 
facilities. 
The latest in- 


count of machines 


volved in AEC supported studies gives 
11 synchrotrons, 7 synchrocyclotrons, 
20 cyclotrons, 10 betatrons, 7 linear 
accelerators, 32 Van de Graaff gener- 


ators, and 11 research reactors. 


Gordon Dean Explains AEC Thinking on Changes in 
Atomic Energy Act; Sees Need for Work by Industry 


The attitude of the Atomic Energy Commission on changes needed in 
the Atomic Energy Act of 1946 to permit and foster industrial develop- 
ment of nuclear power has been outlined by AEC chairman Gordon 


Here is what Dean said in a 
speech to a meeting of the Edison 
Electric Institute: 

The Commission now feels that the 
law (McMahon Act) should be modi- 
fied. 
atomic power research is carried on in 


The ground rules under which 


this country should, in the opinion of 
There 


are several reasons why we feel this 


the Commission, be changed. 


way. 

First, nearly everything that has 
been done in the nuclear reactor field 
until now has been done for a govern- 
The 


developed reactors to produce pluto- 


ment reason. government has 
nium for bombs, to serve as government 
and to 
It also has other projects 


underway which will lead ultimately to 


research tools, propel sub- 


marines, 


the propulsion of aircraft and large 
naval surface ships. 

Now, however, there is good reason 
to believe that a demand outside of the 
government's own sphere of operations 
is developing for atomic reactors. It 
is a commercial demand, an economic 
demand, and a civilian demand. It 
seems only reasonable to expect that 
people outside of the government be 
the 
development of reactors to meet this 


given a chance to work toward 
demand. 

Another reason why the Commission 
that the 


should be changed is because the job 


feels present ground rules 
developmental 
the kind of 


that can be done best by skilled people 


ahead is a one—a 


cost-cutting one a job 
competing with other skilled people 
who are working toward the same or a 
similar goal. 


Proposed Amendments 

As a result, the Commission has, 
last September, giving 
some very serious thought to what 
there should be in the 
ground rules. Our position is that the 
present federal monopoly should be 


since been 


way of new 


Use post cord on last page. 


relaxed to permit wider participation in 
the To ac- 


complish this we have proposed that 


power reactor program. 
the present law be amended to permit: 
1. The ownership and operation of 
nuclear power facilities by groups othe 
than the Commission, 
2. The 


material 


lease or sale of fissionable 
under safeguards adequate 
to assure the national security. 

3. The use and transfer of fissionable 
or by-product materials by the owners 
of reactors, subject to purchase by the 

the 
health 


Commission or regulation by 
Commission in the interest of 
and safety. 

The purposes of these changes in the 
law is to encourage groups outside 
of the Commission to invest money and 
talent in the development of economic 
power reactors. It is obvious, we 
think, that if we want people other 
than ourselves to invest and 
talent 


power facilities, we must allow them to 


money 
in the development of these 


own or lease the facilities, fuels, and 
the by-products, subject, naturally, to 
appropriate controls. 

the 
that 


the suggested changes in the law be 


As part of its policy position 


Commission has also proposed 
accompanied by adjustments in the 
Commission’s own practices to permit: 

1. As appropriate, the granting of 
more liberal patent rights in accordance 
with existing law. 

2. A progressively more liberalized 
information policy in the power reactor 
field, as justified by need and as per- 
mitted by security considerations. 

3. The performance in Commission 
laboratories of such research and 
development work in the power field as 
is deemed warranted in the national 
interest. 

Our purpose is to create a temporary 
environment in the 
developmental effort can be expected 
to go forward—a period in which the 
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which needed 





s given the power and 


to encourage the participa- 


thers by granting them certain 

ch they now cannot have no 

vy much money or how much 
put into this kind of work. 

statement by the Com- 

attempt to set up ground 


ire the same for everybody, 


say everybody I mean 
cies, state agencies, mu- 
cies, and private industry. 
ho has something to offer 
opment of atomic power 
owed to make a contribu- 


development. The idea | 


ple apparently have that 
ernment of this country 


ndustries of this country | 
separate and sovereign 
y opinion, most unfortu- | 


is only one sovereign 
country, and that is the 
rnment. I think it can 
n to see that this new force 
energy will always be 
the public interest, and 
monopolistic manage- 
regulation, and leader- 
nulation of competition. 


t those who have labeled 

iis as & “giveaway pro- 
not read them as carefully 
Actually, there is only 

here any real rights of the 

e at issue in the develop- 
power, and that is in 
patents. And yet, 

ook at the Commission's 
ment carefully you will find 
ilked about patents only in 
eneral terms. In its list of 
eps, this is what the state- 
sut patents: ‘‘ More liberal 

nt rights than are presently granted 
groups aS may seem ap- 
the Commission and con- 

th existing law.” You will 
t the statement says, ‘‘con- 
th existing law.”’ The Com- 
along has interpreted the 
isions of the existing law 
so far as the government’s 
oncerned. Present policies 
ixed to some extent without 


in the law, and therefore | 


change in the over-all 

icy on the subject of atomic 
patents 

f now, the Commission has not 

iny change in the patent 

of the law. This does not 

that it might not do so later. 


(Continued on p. 70) 
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UTILITY SCALER 
M 2105 


COUNTING RATE METER 
M 2810 


SCINTILLATION 
COUNTERS 


BERKELEY 
INSTRUMENTATION 
FOR GEIGER OR 
SCINTILLATION 
COUNTING 


BERKELEY Utility Scaler, Model 2105 


is a direct-reading decimal scaler for use with either G-M tubes or 
Scintillation Counters. It is a versatile instrument with wide applications 
in medical research and laboratory radioassay work. Employs a preset 
count facility permitting automatic operation over full range of 10 
predetermined count settings from 10 to 40,000; similar number of 
scaling factors are provided for operating an external register or 
BERKELEY Count Rate Computer. Automatic timer available. Has HV 
and auxiliary power connections for external preamplifiers. Price 
(f.0.b. factory) $425.00. 


BERKELEY Counting. Rate Meter Model 2810 


is a precision instrument providing full scale ranges of 100, 200, 500, 
1000, 2000, 5000, 10,000, 20,000, 50,000 and 100,000 c.p.m. 
Response time is selectable (0.1, .25, 1.0, 2.5, 10, 25 or 100 seconds) 
and can be changed without affecting meter reading. Connections for 
a 1 ma recorder, and for HV and auxiliary power for BERKELEY Scintil- 
lation Counters, are provided. Has built-in loudspeaker for aural indi- 
cation. Price (f.o.b. factory) $485.00. 


BERKELEY ScintiWlatiow Counters 


(Model 2250 Vial Counter shown) employ a highly-efficient Sodium 
lodide crystal which permits use of gamma radiation from many iso- 
topes, thus eliminating tedious sample preparation required for accu- 
rate beta counting. Accommodates | dram vial or small test tube; ideal 
for radioassay of either liquid or solid samples. Price (f.o.b. factory) 
$395.00. Lead shield, $125.00. Probe-type gamma counter, with 
collimating lead shield accessory, also available. 


Write for data on BERKELEY's com- 
plete new line of Nuclear instry- 
ments; request Bulletin E-7 


BECKMAN INSTRUMENTS INC. 


2200 WRIGHT AVE, RICHMOND, CaLif. 
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The future 
is today! 


Lots of people think of the 
future in terms of next month 
or next year. And when it 
comes to atomic energy —the 
beneficial uses of atomic 
energy for generating power 
—they’re apt to think of the 
future as five, perhaps fifteen, 
years ahead. 


For us at WALTER KIDDE 
NUCLEAR LABORATORIES, the 
future is something to work 
for today. It will belong to 
those whe work for it—not to 
those who wait for it. 


Specifically, we believe that 
commercial atomic power 
—competitive with 
conventionally-generated 
power — is closer than most 
people realize. Atomic power 
is a present-day reality. 
True enough, we haven't 
progressed to the jet- 
propelled model, but we're 
certainly way ahead of the 
Stanley Steamer. 


The work we’re doing in our 
Laboratories requires 
initiative and imagination, 
coupled with sound 
professional training. 

We don’t expect to find 
many people with these 





qualifications, but we're 
always looking — hoping to 
welcome into our organization 
men and women who, like 
ourselves, believe the future 


is today. 


Walter Kidde Nuclear 
Laboratories, Inc. 


975 Stewart Avenue 
Garden City, Long Island 


Research—Development 
Engineering for the design of 
nuclear power plants and the 
application of nuclear 
technology to industrial 
problems 








Wont more information? 


This question is now under careful 
In this regard, I think there 
are two objectives: 

1. I don’t think anyone should be 
into the 
power picture with the investment of 
walk off 


patents worth hundreds of millions of 


study. 


allowed to come atomic 


a dollar or two and with 
dollars. 

2. I think people who come into the 
power program and make a real con- 
tribution based on a liberal investment 
of talent and money involving a real 
risk, should be entitled to some patent 
rights denied to others. 

During the developmental period we 
are moving into, I am convinced that 
industry and government must work 
together if we are to get the most out of 
it. During this period, it seems clear 
to me that some prototypes and pilot 
plants of atomic power facilities must 
be built. 
government, as well as industry, must 


It is my own opinion that the 


participate in this kind of endeavor 
for, as of today, the investments must 
be high and the pay-offs a number of 
years in the future. I would be very 
pleasantly surprised if private capital 
were to move in and pick up the total 
check for this expensive and—at first 
unprofitable work 


Why Nuclear Power 


atomic 


I think we 


because as soon as it comes into being it 


want powel 
will reduce the rate at which we are 
using up our other natural resources. 
It will release them for other uses o1 
permit us to conserve them for future 
specialized use. 

I think we want atomic power be- 
cause our demand for energy in this 
country and in the world is increasing 
at an enormous rate, and the costs 
of producing such fuels as oil and gas 
will steadily rise as the supplies 
dwindle. We will need a supplementary 
source of energy, and to be ready when 
the time comes we must push ahead 
now. 

I think also that we need atomic 
power because atomic fuels are virtu- 
They can be 
to the 


source of the raw materials upon which 


ally weightless fuels. 


taken anywhere in the world 
industries are based—to deserts, to 
mountains, and to islands. 

I think we need atomic power so that 
we may help our friends in the world 
who are in need of new sources of 
power. I have particularly in 
those who have been and are supplying 
us with the uranium with which we are 
feeding our weapons program. 


mind 


Use post card on last page. 


BNL Starts Mail-Order 
Film-Badge Service 


A mail-order nuclear-track _ film- 


badge service is now available from 
Brookhaven National Laboratory under 
with the Atomic 
Energy Commission’s New York Oper- 
ations Office, health and safety division. 


The service was first made available 


an arrangement 


to AEC sponsored research contractors 


because of the commercial unavail- 
ability of such service (as in the case 
of beta-gamma film badges) and be- 
cause establishment of a program by 


each contractor would not be eco- 


nomically feasible. It has now been 
decided to offe 


non-AEC program (in the U. 


the service to any 
S.) until 
it becomes available elsewhere. 
Anyone interested in taking advan- 
tage of the service should communicate 
with Frederick P. Cowan, Brookhaven 
National Laboratory, Upton, N. Y 


RAW MATERIALS 


@ Australia. The 
nium field in the Northern Territory is 
expected to be in full production next 


tum Jungle ura- 


year. Plans call for ore production 
this year, with a treatment plant being 


erected for full production next year. 


@ldaho. U. 38. production of radio- 
active monazite sands and their rare 
earth derivatives suffered a severe 
setback a 600-ton bucket-type 


dredge overturned and sank in its pond 


when 
near Cascade. The dredge had pro- 
duced about a third of the nation’s 


monazite. 


® Massachusetts. A new AEC labo- 
ratory at Winchester is in full operation 
with the primary objective of develop- 
ment and improvement ol processes tor 
recovery of uranium from its ores 
Operation is by American Cyanamid 
with AEC’s raw 


Co. under contract 


materials division. 
eUtah. A $1.5-million uranium mill 
is being planned by Vanadium Corp. of 
American in the vicinity of Hite, on 
the Colorado River. The mill will 
serve production in the White Canyon 
aren. 

®Canada. A new chemical leaching 
plant has been put into operation to 
recover uranium from both current and 
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stockpiled tailings at the Port Radium 
site of Eldorado Mining and Refining, 
Ltd. 


VICTOREEN’S 


VOLTAGE 
REGULATOR TUBES 


e New Zealand. A*project is under- 
way for the use of geothermal steam 
for the production of heavy water. 


ae: Cover the Range from 
IN BRIEF | if A 50 Volts to 20,000 Volts. 


eNew Mg isotope. A new isotope ; A single voltage regulator tube may readily 
ot magnesium, Mg?*, a beta emitter replace a complex and expensive regulating 
with a half-life of 21.3 hr, has been pro- circuit. Investigate the advantages of a re- 
duced by the reactions Si*°(y,2p)Mg* liable, long-life Victoreen tube * for voltage 
: 26(@ 2p)Me**. The half-life is regulation of power supplies * as voltage 
and Mg**(a,2p)Mg”. eden “4 reference for control of higher currents * for 
long enough for tracer work and is voltage limiting to prevent circuit overload- 
expected to be valuable in photosyn- ing °* in voltage adjustment for fine control 
of precision power supplies. A single VR tube 


thesis research and animal-metabolism 
is space saving, too. 


studies. 


@Nuclear power study. Duquesne Bie: 
Light Co., Pittsburgh, is working on a HIGH VOLTAGE ; 
plan with an independent consulting | REGULATORS “10 aaa 1000 ya 
° . ' 

firm that specializes in nuclear research 5000 to 20,000 a pe 

? Volts 1.5% per 250 wa 
whereby the two would enter into 
contract with AEC to study the possi- 
bilities of building a power reactor. . 
HIGH VOLTAGE ee Ge Maximum Current 250 ya 
@Dating. A laboratory for radio- REGULATORS A) Regulation 
Ci ”) ai y ais vs STL is > £ 3000 5000 a J 
arl n lating ha bec n established at he 3 5-55 vais 1.5% 
the University of Saskatchewan. : 


» 


®Reactor testing station. Contract 
awards for construction at the Na- HIGH VOLTAGE ' Maximum Current 100 va 
tional Reactor Testing Station, Idaho, REGULATORS t Regulation 


‘ 400 to 2500 = 
total wai 5-55 vais 1.5% 


during 1953 are expected to 
around $12-million. The two major | 
construction contracts are for ground 
testing facilities for a prototype air- 2 
craft propulsion reactor and for the GLOW TUBES ae 800 ya 


onstruction of an engine test area. 57 Volts : 
200-800 va is 3.0% 


NEWSMAKERS ia RS On aes 


George G. Manov, chief of the ad- ADJUSTABLE Maximum Current 55 ya 
visory field service branch, isotopes REGULATORS : Regulation 

, ‘dee National Labora- 645 to 705 — 
division, Oak Ridge National Labora he 5-55 pais 3% 
tory, since 1949, is transferring to the 
AEC office of industrial development, wegetee LEBER TI Sse aca ema at ae 
Washington, D. C. DISTRIBUTORS 


Allied Radio Corp., Chicago, Illinois 
W. DO. Brill Co., Oakiand, California 


Edward Teller, formerly at the Uni- 


versity of Chicago, has been appointed | 


professor of physics at the University 
of California, Berkeley. 


Edgar A. Edelsack, who was head of 
the radioisotopes unit at the Emery 
Tumor Group, Los Angeles, has joined 
the staff of the Naval Radiological 
Defense Laboratory, San Francisco, as 
a radiological physicist. 

Richard L. Kirk has been appointed 
director of production of AEC’s New 
York Operations Office. 

Joseph A. Thie has joined the reactor 
engineering division of the Argonne 


National Laboratory. 
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Gifford-Brown, Des Moines, lowa 

Harrison Equip t Co., H , Texas 

Industrial & Electronics Supply, Dallas, Texas 

Radio Shack Corp., Boston, Massachusetts 
Southeastern Radio Supply Ce., Raleigh, No. Carolina 
Terminal Radio Corp., New York City, New York 

W. & W. Distributing Co., Memphis, Tennessee 


WEST COAST REPRESENTATIVE 
Carlton Engineering Co. 
Los Angeles-San Francisco, California 


EXPORT DISTRIBUTOR 
Terminal Radio Corp., New York City, New York 
Cable TERMRADIO 








WRITE FOR FACTUAL DATA SHEETS ON THESE AS WELL AS 
YOUR OTHER COMPONENT REQUIREMENTS 


The Victoreen Instrument Co. 


3800 PERKINS AVE 


CLEVELAND 14, OHIO 
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PRODUCTS ann MATERIALS 





Dosimeter Charger-Reader 


Landsverk Electrometer Co., 550 W. 
Garfield Ave., Glendale 4, Calif. 
The model L-62 charger-reader accepts 
four ranges of pocket chambers \ 
selector switch can be set to the desired 
range; the chamber reading is not lost 
if the selector switch is accidentally 

Ranges ean 
be adjusted as desired. Meter scale 
is marked 0-50 and 0-200; linearity is 
Zero drift is slight and is said 
(P-1) 


set to the wrong range 


907 
+ 2%. 


to have no effect on readings. 


Laboratory Monitor 

Detectolab, Inc., 6544 Sheridan Rd., 
Chicago 26, Ill. The Radiation Super- 
visor continuously monitors a labora- 
tory room. If the radiation level rises 
appreciably, the instrument automati- 
cally indicates it by aural and visual 
An infinite-life-type G-M de- 
tector is plugged directly into the top 


alarms. 
of the chassis. Construction includes 
chrome chassis, baked-on-enamel front 


panel, and oak cabinet. (P-2) 


Stainless-Steel Filters 

Micro Metallic Corp., 35 Sea Cliff 
Ave., Glen Cove, N. Y. Grade X 
porous filter sheet is 
available in the form of finished line 
filters. Tensile 25,000 


72 


stainless-steel 


strength is 


lb/in. The sheet is said to be more 
ductile than previously available mate- 
0.020 in. to 
'¢ in. are available with tolerance of 
+0.002 in. This 
fabricated into all the forms in which 


rial. Thicknesses from 


material can be 
porous stainless steel has hitherto been 


ivailable. (P-3) 


Crystal-Growing Furnace 


Wakefield Industries, Inc., 5108 W. 
Grove St., Skokie, Ill. fur- 


naces, housed in thermostatically con- 


These 


trolled ambient-temperature reservoirs, 
grow organic scintillation crystals from 
the 
material of melting point between 100 
and 500° C by the Stockbarger method. 
Input power to the furnaces is con- 
Mol- 


ten phosphor material is transported 


melt of any desired luminescent 


trolled by Variac transformers. 


through a sharp temperature gradient 


at the rate of 1 in. in 30 hr. 


tions are carried out from 


Opera- 
a control 
facilities are 


(P-4) 


panel. Crystal-cooling 


optional equipment. 


Labeled Compounds 


Tracerlab, Inc., 130 High St., Boston 
10, Mass. Carbon-14 labeled 


pounds are available for monomolecu- 


com- 


lar-layer studies, flotation studies, and 
research in the fields. 
Lauric acid-1-C™ and stearic acid-1-C'™ 


soap and oil 
are available with specific activity of 
1.0 me/millimole; minimum order is 
1.0 me. Added to the 
offered is dl-aspartic acid-4-C'* with 
specific activity of 0.5-1.0 me/milli- 
mole; minimum order is 0.1 me. (P-5) 


amino acids 





Pneumatic Ejector Pump 


Yeomans Brothers Co., 1999 N. Ruby 
St., Melrose Park, Ill. The 
Pump pneumatic ejector handles any 


Pneu- 


fluid that will flow into it, including 
acids, alkalies, molten metals and salts, 
slurries, and water. It is said to 
operate at high efficiency even with 
low volumes, A ball inlet valve is the 


only moving part. Cast-iron, lead- 


lined, rubber-lined, or stoneware bodies 
The 


operated from compressed-air supply 


are available. pump can be 
or, by means of auxiliary equipment, 


from a steam supply. (P-6 


White. 


Electronic Counter 


Hewlett-Packard Co., 395 Page Mill 
Rd., Palo Alto, Calif. The 
522B direct-reading counter measures 
from 0.00001 to 
time from 10 psec to 
1,000, 1/100, 
Meas- 


urements can be made without addi- 


model 


rate ol 
100,000 per sec 


27.8 hr, and periods ot 1 


occurrences 


1/10, 1 and 10 see or multiples. 


standard 
(P-7 


tional equipment or with 


transducers. 


Automatic Sample Changer 

Nuclear Instrument and Chemical 
Corp., 229 W. Erie St., Chicago 10, Ill. 
The C-110 
carries up to 50 radiolabeled samples. 


model sample change 


A three-position turntable selects a 
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sample, places it in counting position 
within the 2-in. lead shield, and loads 
it into the storage sample magazine 
after the count is recorded. The unit 
has eight preset-count settings; it may 
also be controlled by a preset-time or 
-count sealer. The associated timing 
provides a permanent count 


(P-8) 


Counting System 


Radiation Counter Laboratories, Inc., 
5122 W. Grove St., Skokie, Ill. The 
mark 9 model 4 Nucleometer is a com- 
plete counting system for alpha, beta, 
or gamma radiations. It 


a preflush flow counter, high-voltage 


consists of 


pulse amplifier, pulse equalizer, 
timer. 


suppl 


scaling circuit, register, and 
Amplifier-section characteristics: input 
3-50 gain, 1,000; 
time, <0.5 psec, 


<3.5 psec; output, 0-10 


sensitivity, mv; 


amplifier rise and 


decay time, 
negative; resolving time, <5 
usec: high voltage, 2,300-5,000 volts, 
continuous; and output-voltage regu- 
<0.01% for 1% line-voltage 
Scaler-section characteristics: 


volts 


lation 

change. 
input capacity, 100 yuf; input sensi- 
tivity, 0.25-5 volts, negative; voltage 
500-2,000 volts, +2% of full 
resolving time, 5 wsec; scaling 
(P-9) 


range 
senle 


factors. 64. 128. 256. or 512. 


G-M Survey Counter 


The Radiac Co., Inc., 489 Fifth Ave., 
New York 17,N. Y. The model 105-D 
instrument used for 
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can be 


surve\ 


prospecting on foot or from low-flying 
aircraft or a moving vehicle, or for 
probing drill holes to depths of 50 ft. 
Overall length of the G-M tube is 26 in. 
and diameter is 2 in.; it can be taken 
out of the instrument and fitted to the 
50-ft The 
tube is claimed to have a sensitivity 


coaxial cable provided. 
30 times greater than that of a stand- 
ard-size G-M tube. A standard-size 
8-y G-M probe is interchangeable with 


the large-size tube. (P-10) 


Corrosion-Resistant Tanks 

American Agile Corp., Box 168, Bed- 
ford, Ohio. 
tanks are fabricated throughout of un- 
plasticized polyvinyl chloride. Mainly 
of welded construction and entirely 


These corrosion-resistant 


selfsupporting, they are built to cus- 
tomer’s specifications. The tanks are 
resistant to most mineral acids, alkalis, 
inorganic salts, and organic 
compounds at temperatures up to 
170° F. Tanks are with 
inlets, outlets, and standard flanged 
(P-11) 


man\ 
furnished 


fittings. 


Frequency Meter 

Beckman Instruments, Inc., Berkeley 
Scientific Div., 2200 Wright Ave., 
Richmond, Calif. The 5570 
meter is a direct-reading 


model 
frequency 
instrument for measuring zero cps to 
12 Me. Accuracy is 


tal accuracy. Input 


+ | count, terys- 
requirement is 
1 volt, rms, with 50-ohm impedance. 
Display time is 1-5 see, continuously 
variable; time base is 0.00002, 0.0002, 
0.002. 0.02, 0.2, and 2 see. 
extend range to 160 Me. 


Accessories 


(P-12) 


Scintillation Counter 


Nuclear Research Corp., 2563 Grays 
Ferry Ave., Philadelphia 46, Pa. The 
SC-2A scintillation counter has a 
gamma-detection efficiency >35% for 
Co®, >75,000 ecpm/mr/hr for Ra, and 
>50% for 18! (2,200 epm over back- 
ground per we at 15 em). A mag- 
netically shielded RCA 6199 photo- 
multiplier tube is permanently sealed 
toal X Lin. Nal(TI) crystal. Start- 
ing potential is 1,000 + 100 volts; oper- 
ating potential is 1,100 + 100 volts. 
Plateau slope is <10%/100 volts with 
100 volts with lead 
> 150 volts. 


(P-13) 


no shield and <5% 
shield; plateau length is 


Survey Meter 


Radioactive Products, Inc., 443 W. 
Congress St., Detroit 26, Mich. The 


D-5 survey meter is said to 


provide greater stability 


model 
and versa- 
tility than the original model. With 
D-5A D-5B_ probes, it 


radiation low- 


models and 


covers ranges from 
level alpha contamination to 625- 


mr/hr gamma radiation. Large flat 
areas, irregular surfaces, or holes and 
monitored. The in- 
a plug-in battery 


corners can be 
strument 


box, a roll-over-bottom stainless-steel 


includes 


screen to minimize contamination 


traps, and a neon flashing light to indi- 
(P-14) 


cate when it is in operation. 


Humidity Control 
Niagara Blower Co., 405 Lexington 


Ave., New York 17,N. Y. Without the 
need for a moisture-sensitive element, 
this air conditioner dehumidifies air 
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MYCALEX 


GLASS-BONDED MICA 


WITHSTANDS 
ADVERSE 
COMBINATIONS 


MYCALEX glass-bonded mica will 
withstand more — much more — of 
combined high temperature, radia- 
tion effects, thermal shock, high 
voltage, high frequency, mechanical 
stresses and high altitude than tra- 
ditional electrical design calculation 
tables say that any insulation can 
stand. 


It is the high “across the board” 
average that causes engineers to call 
Mycalex glass-bonded mica ‘‘the 
world’s most nearly perfect insula 
tion.” 


Fire Detector Housing 


Spark Plug 
Connector Sleeve 


YES, bad conditions can ‘“‘gang”’ 
Mycalex glass-bonded mica, or they 
can attack it one at a time. Mycalex 
glass-bonded mica, the only Ceramo- 
plastic, will endure them no matter 
how they come. 


Write for the whole story. 


Insulated gear illustrates breakage 
resistance under wide temperature 
changes, even with large inserts 


ADIMLEDVIVNT TA 


MYCALEX CORPORATION of AMERICA 
World's Largest Manufacturer of Glass-bonded Mica Products 
Executive Offices: 30 Rockefeller Plaza, New York 20, N.Y. 


GENERAL OFFICES AND PLANT 
118 Clifton Bivd., Clifton, NJ. 


directly by a liquid absorbent. As 
the air conditioner removes moisture 
from the air stream passing through it, 
the absorbent liquid becomes diluted 
and is continuously reconcentrated to 
keep it effective. A thermostat, which 
measures the boiling point of the water- 
absorbent mixture, operates the con- 
centrator unit to furnish a greater o1 
less concentration of the absorbent 


liquid. Since a change of several 


degrees in the boiling point of the 


absorbent liquid is required to effect a 
change of 1% in its concentration, the 
be extremely 

(P-15) 


control is claimed to 


accurate. 


Regulated Power Supply 
Kepco Laboratories, Inc., 131-38 San- 
ford Ave., Flushing 55, N. Y. The 
model 750 power supply was incor- 
rectly illustrated in the May 
(p. 78). This supply is continuously 
volts and 
(P-16) 


issue 
variable from zero to 600 
delivers 0-750 ma, d-c. 


Voltage Stabilizers 


Raytheon Mfg. Co., Equipment Sales 
Div., Waltham 54, Mass. This new 
line of voltage stabilizers can stabilize 
load to 14% for any 


any fixed line 


and to 1% for frequency 
The first model operates on 
115 volts +10%, 58-62 
cycles, single phase, and provides an 
2,000 


change 
change. 
an input of 
output of 115 volts, volt-am- 
Third 


input show less than 5% total. 


60-cycle 
(P-17) 


peres. harmonics at 


Selenium Regulators 


International Rectifier Corp., 1521 E. 
Grand Ave., El Segundo, Calif. The 
type D-568 selenium regulator is de- 
signed for d-c voltages in the order of 
1.5 volts. The regulator is connected 


in shunt with the load; a _ voltage- 


Want more information? Use post card on lest page 


dropping resistor is connected in series 
with the and load. 
Regulation is accomplished by utilizing 
Voltage 


source voltage 


the forward characteristic. 
across the voltage-dropping resistor 
varies inversely with changing load 


current. (P-18 


6 1 20 40 0 Li 


—_ 


Differential Recorder 


Minneapolis-Honeywell Regulator 
Co., Industrial Div., Wayne and Wind- 
rim Aves., Philadelphia 44, Pa. The 
Duplex Electronik strip-chart recorder 
is adaptable for differential tempera- 
ture and BTU recording on the same 
chart in a nuclear reactor power cal- 
culator system. A system to measure 
reactor power, such as one developed 
by Minneapolis-Honeywell, would in- 
clude, besides temperature and BTU 


recorders, a flow meter. (P-19) 


High-Voltage Power Supply 
Scientific Specialties Corp., Snow & 
Union Sts., Boston 35, Mass. The 
model PS-71 d-e power supply pro- 
vides 1,000-5,000 volt output rated for 
l-ma load. Output voltage changes 
<0.05% zero to full load. <A 
10% change in input voltage causes 
Ripple is 
(P-20) 


from 


<0.05% change in output. 
<0.03 % of output 


Electronic Wattmeter 


Keithley Instruments, 3868 Carnegie 
Ave., Cleveland 15, Ohio. The model 
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110 wattmeter, basically an amplifier 
driving the potential coil of a dynam- 


ometer wattmeter, has a range of 0.3- encapsulated 


300 watts on 6 scales with accessory PL LSE TRANSFORME RS 


shunts extending the range to 9,000 
watts. Accuracy is within 2% of full wound to your requirements 
scale. Frequency response is 20-3,000 
eps; input impedance, 500,000 ohms 
to the potential circuit, 0.5 ohm to cur- 
rent circuit (P-21) 5 
SMALL IN SIZE 


Weight—"A oz. 


TYPE TE 


Write for Bulletin167N 
for additional informa- 


TYPE TP tion and specifications. 
Decade Counting Assembly 


Digital Instrument Co., Inc., Box 1246, - SMALL im PRICE 
Coral Gables, Fla. The model 100 ty As low as $5.00 each in quantity 
digital decade-counting assembly was | or : lots. One to three—$7.50 each. 
incorrectly illustrated in the April ; 

issue (p. 82). This assembly may be 

used as a simple divider, a counter a , - 

with indicator, or as a preset counter PE ve E 6 H N if R O! 


9< ENGINEERING COMPANY 
with indicator. (P-22) . 


4th St., Philadelphia 33, Pa 





AN INSTRUMENT FOR ALL YOUR 
MAGNETIC MEASURING PROBLEMS 


Dyna-Labs™) 
D-79 
GAUSSMETER 


Circuit T, This precision built instrument 
ircul tracer measures flux density, determines 
Delta. Electrical Specialty Co., 1456 direction of flow. It locates ‘and 


E. Walnut St., Pasadena, Calif. The measures stray fields and plots 
variations in strength and checks 


production lots against a standard. 
oe Simple to operate. No _ ballistic 
or a-c voltage. Live circuits of 2-600 readings . . . no jerking or pulling. 
volts, dead circuits, and devices can Supplied with protective carrying 


Desco Circuitracer traces circuits for 
continuity and presence of either d-c 


be tested; it can be used as a high- or case. 

low-voltage tester for live circuits. + Other Features - 

Trace indication is by means of a signal e@ Reads 10 to 30,000 Gauss Flux Fields 

, © Probe is only .025” thick 

e Active area .01 square inches 

e Overall size 13" x 6-3/4" x 10-1/2” 

e Net weight only 10-1/2 Ibs 

e Power supply 105-125 volts, 50-60 cycles 


light at point of contact. (P-23) 


Signal Generator 
Wang Laboratories, 296 Columbus 


Ave., Boston 16, Mass. The model 
DS-157 signal generator, operating on 
the dot sequential principle, provides - 


We invite inquiries. For literature write department N 7. 





characters at 10,000 per sec for display INC 


on a cathode ray tube. Format is 5 1075 STEWART AVENUE, GARDEN CITY, L. I., N. Y. GARDEN CITY 3.2700 
horizontal X 7 vertical dots. Unit has 
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What's new 
In radiation 
research? 


Perhaps you could tell us a thing or two! 
If so, you’re just the kind of man who can 
benefit most from our 38 years of research 
in radioactivity. We suggest you investi- 
gate these recent U. S. Radium develop- 
ments: 


Radiation Sources 


The United States Radium Corporation 
produces the following types of radiation 
sources: 
Alpha | Alpha-beta- 
Beta gamma 
Gamma 
Neutron 


Polonium 
Isotope 


Radium D 
Uranium Oxide 


Alpha, Beta, and Gamma Ray Sources 


For your research or experimental re- 
quirements, U. S. Radium Corporation 
can provide appropriate sources of alpha, 
beta, or gamma radiation — in foil, strip, 
or point form. Sources suitable for ioniz- 
ing air or other gases, for indirect activa- 
tion of phosphors, and for many other 
applications can be supplied. 


Standard Light Sources 


Radioactive luminous compounds requir- 
ing no external source of activation, ex- 
hibiting virtually negligible change in 
brightness with time, and emitting only 
easily absorbed radiations, have been de- 
veloped by U. S. Radium Corporation. 
The colors available cover most of the 
visible spectrum. 


Neutron Sources 

Calibrated or Uncalibrated 

Radium-Beryllium 
1 to 1000 millicuries 
Polonium-Beryllium 
1 to 5000 millicuries 

Radium D-Beryllium 

1 to 100 millicuries 


Let’s Work Together 


With these and related products, U. S. 
Radium Corporation is serving the exact 
needs of research, industry, and medicine. 
Our laboratories provide both standard 
and special materials—some of them 
available nowhere else. Our scientists 
will work with you to meet your require- 
ments in this field. 


FREE FOLDER: We've prepared a 
four-page folder that describes 
the activities of the U. S. Radium 
Corporation. If you'd like a copy 
of our most recent issue — and 
future copies as they are issued— 
just write for ‘‘Radiations N-7” 


= 
UNITED STATES 
RADIUM CORPCRATION 


535 Pearl Street New York 7, N. Y. 
16 


Want more information? 


10 character outputs with minimum 


useful output intensity of 0.25 volt; | 


hundreds of outputs can be added. X 
and Y deflection outputs have 15-volt 


amplitude. (P-24) 





Magnetic Transient Recorder 


Magne-Pulse Corp., 140 Nassau St., 
New York 38, N. Y. The type 103 
magnetic transient recorder permits 
oscilloscope recording and display of 
one-shot or irregular frequency phe- 
nomena containing components from 
d-ec to 30 ke. The recorder: 


possible the reproduction of 


makes 
square 
waveforms with the use of pulse-time 


modulation. (P-25) 


Filter Units 


Mine Safety Appliances Co., Brad- 
dock, Thomas and Meade Sts., Pitts- 
burgh, Pa. These filter units, using 
a matted paper made of asbestos and 
cellulose fibers, remove particles as 
fine as 0.05 micron from the air. Re- 
sistance of the filter unit at a flow 
velocity of 5 ft/min is 1 in. of water 
at F. Four filter sizes have 
capacities up to 1,000 ft®/min. The 
largest size provides 300 ft* of filter 
a unit 24 X 24 X 115 in. 


(P-26) 


media in 
over-all. 
Vibration Pickup 


Consolidated Engineering Corp., 300 
N. Sierra Madre Villa, Pasadena 8, 


Use post card on last page 





- » » Decontaminating Agent for 
Radioactive Deposits 


Once anything has been made 
radioactive, there is no way to 
destroy this radioactivity. But, 
radioactive contamination which 
is usually a deposit of insoluble 
compounds (metallic oxides) can 
be solubilized (chelated) with 
Versene and washed away with 
large volumes of water. This re- 
sults in great dilution and re- 
moves the danger. For deposits 
on exposed surfaces the addition 
of a good detergent formulation 
is recommended. In living or- 
ganisms Versene has been used 
experimentally to detoxify heavy 
metals and to help remove radio- 
active deposits. Send for sample. 
Write Dept. I for Technical 
Bulletin No. 2. Chemical counsel 
available on request. 
*Trade Mark Registered \- 

by 
4 
CKemistiys most 


porecite Chemicals” 


BERSWORTH CHEMICAL CO. 


FRAMINGHAM, MASSACHUSETTS 





recon. 


ee 


COUNTING 
or TIMING JOB 


Ametron Recording Counter 


Consists of two basic electrical cir- 
uits, both normally open. Momen- 
tary closure of the counting circuit 
advances indexing device one step. 
Momentary closure of print circuit 
auses unit to print accumulated 
count. Automatic reset to zero avail- 
able. Wide variety of timing mech- 
anism available as standard equip- 
ment, 

Unit may be furnished to record 
elapsed time: 1/10 minute, 1/100 
minute, 1 second and 1/10 second, 
Counting unit may be equipped for 
direct drive from rotating shaft to 
count revolutions in units of 1/10. 
Write for circular SC-24, 


STREETER-AMET COMPANY 


SCALES we 
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Calif. 
up, 1 X1 in. and weighing 1.3 oz, 
operates continuously at 300° F or up 
to 500° F for intermittent periods of up 
to 100 hr. The pickup is self-generat- 
ing, sending out electrical signals whose 


The type 4-118 vibration pick- 


strength varies in proportion to the vi- 
brational velocity of the object on 
Damping effect 

(P-27) 


which it is mounted. 
is said to be negligible. 


Potentiometers 

Birklan Corporation, 200 E. Third St., 
Mount Vernon, N. Y. The series 3500 
potentiometers, in the resistance range 
2,000-300,000 ohms, have a linearity 
of 0.01 %. 
500 ohms are available with linearity 
of 0.02 %. 
ation is 0-80° C. 
0.0024 %. 
rotation may be specified from 360 to 
3,780 4 A built-in traveling 
nut-type limit stop is sufficiently rug- 


Resistance values down to 


Resolution is up to 
Electrical and mechanical 


, 2 deg. 


ged to serve as the mechanical limit stop 


in most instrument servos. 


Wide-Range A-C Ammeter 


Millivac Instrument Corp., 444 Second 
St., Schenectady 6, N. Y. The type 
MV-121 when used with 


shunt box, 


the type MV-12A voltmeter, provides | 


an a-c ammeter covering the following 
ranges: l-wa to 3-ma range, 20 cps to 
250 ke; l-ampere range, 20 eps to 100 
ke; 3-ampere range, 20 cps to 6 ke. 
Frequency response is within 0.2 db. 
Wave shapes 
plugging oscilloscope into the output 
terminal of the voltmeter. 


4 


Densitometer 


W. M. Welch Scientific Co., 
Sedgwick St., Chicago 10, Ill. 


used 


1515 
Densichron densitometer, 
quantitative paper-chromotography 
analysis of amino acids, has errors of 
17% or less for single determinations; 
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LD 


’, 


Temperature range of oper- | 


(P-28) | 


may be observed by | 


(P-29) | 


The | 
for | 


optical grade 
ZINC BROMIDE 


for your viewing windows 


You know the efficiency of Zinc Bromide. 
In optical grade solution it is an effective, 
economical answer to your shielding window 


problems. 


Michigan Chemical now offers 


prompt supply of this compound to comply 
with all AEC specifications. Write us, wire us, 
or call. We'll be glad to serve you at once. 


Send today for your free copy of 


NUCLEONICS reprinted article, 
“Design and Construction of 


» I 


Shielding Windows”. 


michigan chemical corporation 


Saint Louis, Michigan 





MOVING? 


If you are moving (or have 
moved), tell us about it, 
won't you? Your copies of 
NUCLEONICS will not fol- 
low you unless we have 
your new address immedi- 
ately. Make sure you don’t 
miss a single important is- 
sue ...and help us 
make the correction as 
speedily as possible by 
giving us your old address, 
too 


NUCLEONICS 


Circulation Dept. 


330 W. 42nd St. 
New York 36, N. Y. 








Hi-D° 
LEAD GLASS WINDOWS 
IN STEEL WALLS 


. 

. Ye U, 
\, STEEL 
\ 


Hi-D 
LEAD 
|. GLASS 


WIDE ANGLE / % A, 
orvew 1 USTERLY 
. | 


Hi-D Lead Gloss Windows provide 
clear, direct, wide-angle, binocular 


4. 
mr < 





> 











vision through heavy gamma-shield- 


ing walls. Lead equivalent 0.55; 


steel, 1.0 
LARGER SIZES NOW AVAILABLE 
Send for circular GS-3A 
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Latest facts 
on all 
the most 


important 
uses of 
RADIOISOTOPES 
IN INDUSTRY 


By 16 Experts—Edited by JOHN R. BRAD- 
FORD, Director, Radioisotopes Laboratory, 
Case Institute of Technology 


Includes valuable coverage of Lab- 
oratory Construction Shield- 
ing : Personnel Protection 
Handling Techniques Radio- 
aciive Waste Disposal. 

Of special interest is the in- 
formative chapter on recently de- 
veloped industrial uses of gross 
fission products prepared by a 
group of collaborators at Stanford 
Research Institute. 

Illustrated with a wealth of 
halftone photographs, tables and 
graphs. Math has been kept to a 
minimum. An invaluable daily aid 
to researchers and executives in 
every industry which uses, or could 
use, radioisotopes. 
Sendforacopy onal0-day free examination 

1952 400 pages $8 
REINHOLD PUBLISHING CORPORATION 

Dept. M-53, 330 W 42nd St., New York 36, N.Y 








WNICALLY REGULATED 


SORATORY 
R SUPPLIES 


BENCH MODEL 50 


| @ INPUT: 105-125 VAC, 50-60¢ 
pf © OUTPUT #1: 0-500 VDC at 
4 500 ma regulated 
5. @ OUTPUT #2: 0-50 VDC, 
: 0-200 VDC Bias Output. 

@ OUTPUT #3: 6.3 VAC at 

5A unregulated 
@ OUTPUT #4: 6.3 VAC at 

é 5A unregulated 
© © RIPPLE OUTPUT: Less than 

f 8 millivolts rms 


-— Fer complete information write for Bulletin N 
; Rif bay ee eA yl 


this photoelectric-scanning method 
operates on the principle that the 
maximum color density of each spot 
is proportional to the concentration of 
A trans- 
mission light source powered by a con- 


material in the entire spot. 


stant-voltage transformer, consists of a 
lamp with rheostat control, 3 apertures, 
and 3 Wratten filters. A focusing 
knob permits adjustment of the pro- 
jected image of the bulb filament. 
Papergrams, 14 in. wide, are advanced 
manually or by asynchronous motor in 


increments of 3 mm. (P-30) 


INDUSTRY NOTES 


Radiation Instrument Development 
Laboratory, 2337 W. 67th St., Chicago, 
Ill., has set up a division for reactor 
control equipment, custom built in 
accordance with ORNL practice. In- 
struments are directly interchangeable 
with equipment now in use at Oak 
Ridge and other national laboratories. 


 Minneapolis-Honeywell Regulator 
Co., Wayne & Windrim Aves., Phila- 
delphia 44, Pa., is opening a new plant 
at Warren, Ill., to expand production of 
the Micro Division. 


> Allen B. Du Mont Laboratories, Inc., 
Instrument Div., has devoted its new 
118,000-sq.-ft plant, at 760 Bloomfield 
Ave., Clifton, N. J. to manufacture of 
cathode-ray-tube instruments. It is 
claimed to be the world’s largest plant 
manufacturing these instruments. 


Walter Kidde Nuclear Labora- 
tories, Inc., 975 Stewart Ave., Garden 
City, N. Y., has appointed G. B. Webb 
as a Mr. 
Webb’s previous work has included 
design and engineering of the Oak 
Ridge gaseous diffusion plant for the 


senior process engineer. 


Kellex Corp. and design of a deuterium- 


separation plant for Hydrocarbon 


Research, Ine. 


LITERATURE AVAILABLE 


Electronic equipment. Catalog 5302 
line of oscilloscopes, ampli- 
Tektronix, Inc., 
(L-1) 


describes 
fiers, pulse generators. 
Box 831, Portland 7, Ore. 


Radiation detection equipment. Bul- 
letin presents technical specifications 
on counters, linear amplifiers, scalers, 
and radiation safety devices. Radia- 
tion Counter Laboratories, Inc., 5122 W. 
St., Skokie, Til. (L-2) 


Grove 
X-ray analysis chart. Chart, 2245 X 
29 in., shows analysis curve for an 
illium alloy. North American Philips 


Co., Inc., Research & Control Instru- 


Want more information? 
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| AMERICAN CANCER SOCIETY 
































HIGH 
VOLTAGE 
POWER 
SUPPLIES 


cm me 


Available in ranges from 

2,500 to 25,000 volts D.C., with or without 
built in meters. Regulated or unregulated 
types available. Delivery good on all 
standard models. 


Send for free catalogue.—Dept. N* 
PRECISE MEASUREMENTS CO 
KIN HILHWAY PROOKLYN 


f 








Larger Sizes Now Available 
Hi-D* LEAD GLASS WINDOWS 
For use in steel, lead, and concrete walls. 

*Trademark 
PENBERTHY INSTRUMENT CO. 


666-8 Adams St. Seattle 8, Wa. 
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ments Div., 750 S. Fulton Ave., Mount 
Vernon. \. v. (L-3) 


Instrumentation case histories. ‘‘In- 
strumentation” index covers 300 tech- 
nical case histories plus other informa- 
tion. Minneapolis-Honeywell Regulator 
Co., Industrial Div., Wayne & Windrim 
Aves., Philadelphia 44, Pa. (L-4) 


Civil defense instruments. Bulletin | 
C-3 describes equipment for radia- | 
tion monitoring. Landsverk Electrom- 
eler Co., 550 W. Garfield Ave., Glendale | 


4. ¢ ‘alif.. (L-5) 


Instrument motors and accessories. | 
Catalog describes line of miniaturized | 
synchronous, control, and 
damped-control instrument 
Servomechanisms, Inc., Post & Stewart 
Westbury, N. Y. (L-6) | 


hysteresis 


motors. 


Aves., 


Kel-F polymers. Bulletin 1-3-53 gives 
properties and applications of polymers. 
VU. W. Kellogg Co., Chemical Mfg. Div., 
Technical Service Dept., Box 469, Jersey 
City 3, N. J. (L-7) 


tester. Folder 
electronic 


moisture 
Aquameter, an 
automatic moisture titra- 
Inc., S. 

(L-8) 


Automatic 
describes 

device for 
Instruments, 


tion Beckman 


Pasadena 1 Calif. 


Spot film radiography. ‘Spot Film 
by S. M. Wyman, 
method in detail. 
Scholz X-Ray Corp., 112 Cum- 
Boston, Mass. (L-9) 


Radiography ay, 
M. D 
Frank 


describes 


mington St 


Bulletin OSB61- 
double- 
pumps. Allis- 
70th St., 

(L-10) 


Centrifugal pumps. 
16B describes single-stage, 
centrifugal 
Vfg. Co., 1316 S. 


Vilwa ikee, Wis. 


suction 


Chaimers 


Liquid-level gages. Datasheets cover 
line of valves for tubular and_ flat 
gages, regular, offset, and with union 
connections to gage. Jerguson Gage 
& Va 


Vass. 


80 Fellsway, Somerville 44, 


(L-11) 


ve Co 


Compressed-air purifier. Bulletin de- 
scribes unit for producing instrument- 
quality compressed air from ordinary 
pliant al 
B sliding Pittsburgh, Pa. 


Hankison Corp., Biltmore 
(L-12) 


Control relay. Booklet B-5817 gives 
application and design information on 
type N West- 
inghouse POID 
Pittsburg! (L-13) 


remote-control relay. 
Electric 


30, Pa. 


Corp., Box 


Laboratory furniture. Catalog 4B 
illustrates line of laboratory furniture 
Metalab Equipment 
(L-14) 


and equipment. 
Corp.. Hicksville. N. Y. 
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for radioactive screening 


CARBOLOY Hevimet is ideal for containers 
for radioactive materials. With it, less bulky 
shields can be made, because it is machin- 
able, strong, nonporous . affords 1.5 
times more gamma ray protection than lead. 


© Features high density in 
minimum bulk 

© Offers 1 times more gamma 
ray protection than lead 


Carboloy Hevimet has a density 
of 17.0 gm/cu cm (lead is 11.4). It 
is dimensionally stable, strong in 
compression and tension, and is 
machinable. 

Currently, Hevimet is proving 
invaluable in many projects for 
radioactive screening, including 
atomic research and nuclear con- 
trol applications in industry. It is 
also used in mechanical parts 
where its great inertia in small 
size is useful. Available in many 
sizes and shapes, or designed to 
your needs. Write today. 


CARBOLOY 


DEPARTMENT OF GENERAL ELECTRIC COMPANY 
11130 E. 8 Mile Road, Detroit 32, Michigan 


Plants at Detroit, and Edmore, Michigan 


“Carboloy”’ is the trademark for the products of Carboloy Department of General Electric Company 





Want more information? 


A copy of this quick-reading, 8-page booklet is 
yours for the asking. It contains many facts on the 
benefits derived from your business paper and 
tips on how to read more profitably. Write for the 
“WHY and HOW booklet.” 


McGraw-Hill Publishing Company, Room 2710, 330 West 


42nd St., New York 36, N. Y. 


Use post card on last page. 
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ZERO-PLAST 
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Offer Engineers a Whole New Family of Materials gee are imemaelae 


Mycalex Corp. of America 74 
=f ing i TEFLON* Inited States Lacka : ‘ , 
Starting with TEFLON*, United St ates Gasket Company gS aa er 
engineers have developed a series of ‘Filled’ Fluorocarbon - Corp. Raitt Ganas 
; ¢ oT ‘ “ni > oe > c seat 2c ic 
materials, greatly broadening the scope of usefulness of this ite tities 77,78 
wonder-plastic. For example, United States Gasket Company 
“Application Engineering” has already helped solve such 
material problems as long-wearing chemical resistant bear- Radio Corp. of America 
ings and pump impellers; valve and pump packings, Reinhold Publishing Corp. 78 
expansion joints and chambers, gaskets; the metal plating a 58 
of Teflon; the hermetic sealing of electronic components; 
soldering and cementing to Teflon; etc., etc. 


Precise Measurements Co. 78 
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Stokes Machine Company, F. J. ) 
: ‘ Special Screw Products Co. 60 
If you have a special materials problem, that one of these 
Teflon “‘alloys’’ might solve, tell us about it. Our engineering 
department will work with yours to determine the Chemelec Technical Associates 
Mixture best suited to your requirements. Todntirel Gnajancering Co... 75 


Streeter-Amet Company 76 
59 


United States Gasket Company... 80 


United States Radium Corp.. eo 


U MM i T E D F L U 1] R 0 C A \ ~ 0 N } Victoreen Instrument Co.. 71 


Where To Buy.... re 


s TAT E s P R 0 D U C T S D V S " Winchester Electronics, Inc...... 57 


FABRICATORS OF TEFLON KEL 


GA WY 4 ET AND OTHER FLUOROCARBON PLASTICS bd 
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PULSE HEIGHT ANALYZER 


Model 520 Twenty Channel 
Differential Pulse Height Ana- 
lyzer — for pulse amplitude 
distribution studies, divides a 
spectrum of 60 volts at input 
of Pulse Sorter into 120 chan- 
nels, scanning 20 at a time. 
May be used to study any 
phenomena where events are 
expressed in terms of electrical 
pulses with random ampli- 
tudes, Each channel output is 
fed to a scale of 16 and regis- 
ter for visual indication. All 
scalers and registers reset by 
single push button. 

Model 510 Single Channel 
Differential Pulse Height Ana- 
lyzer for study of amplitude 
distribution of pulses in the 
range from zero to 100 volts. 


SCALERS 


Model 1070A Multiscaler 
(shown) — a complete scaler 
for all types of nuclear re- 
search; Geiger, Scintillation, 
or Proportional techniques. 
Fully automatic operation, 
with optional choice of five 
microsecond or one microsec- 
ond resolution. Available as 
decade, scale of 1000 or binary, 
scale of 4096; also includes 
built-in pulse amplifier. 


Several other models in this Ten-Ten Series are available, 
each with choice of many features to “customize’”’ scaler 


for your needs. 


LINEAR AMPLIFIERS 


Model 204C Linear Ampli- 
fier — for use with ionization 
chambers, scintillation and 
proportional counters. This 
model has separate input time 
constant and rise time set- 
tings; gain control by coarse 
attenuator. Several other mod- 
els of amplifiers and preampli- 
fiers available. 


FOR DETAILS REQUEST BULLETIN 10-1 
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DATA PRINTER 


Model 10ABC Analog Volt- 
age Scaler and Rapid Numer- 
ical Printer — for reduction of 
electrical data to printed nu- 
merical form, Data in the form 
of an analog voltage (a direct 
voltage, the magnitude of 
which is directly proportional 
to the represented data value), 
or in one of several digital 
forms, may be printed in three- 
digit Arabic numerals at a rate 
of 10 to 600 values per second. 
Figures are printed virtually 
instantaneously by an all-elec- 
tronic system on paper tape 
and no processing is required. 
When data is in analog form, 
overall scaling accuracy is + 
0.4% while digital data is 
printed with no error. 


COINCIDENCE ANALYZERS 


Model 502 Four Channel 
Coincidence Analyzer — spe- 
cifically designed for opera- 
tion with Geiger Counters in 
cosmic ray or nuclear physics 
research and for general radio- 
activity experiments. Any com- 
bination of the four channels 
can be used in coincidence and 
one channel can be put into 
anticoincidence. Resolution of 
0.25, 0.5, 1 or 2 microseconds 
selectable for each channel. 


lyzer — 
models available. 


COUNTING RATE METERS 


Model 410 Count Rate Me- 
ter — for general laboratory 
use. Four selectable ranges: 
0 - 200 - 2,000 - 20,000 - 200,000 
CPM with 2% accuracy. Di- 
rect, scintillation and GM 
probe inputs. High voltage 
supply, 400 to 2000 V @ 1 
ma; 0.05 percent regulation, 
Includes aural monitor and 


recorder. 
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SALES REPRESENTATIVES 


RON MERRITT COMPANY — Seottie, W: 


‘ashington 
RESEARCH EQUIPMENT & SERVICE — Chicage, Iilinois 


output for standard 1 ma. pen 


tube measurement. 


KITTLESON COMPANY — Los Angeles 46, Colifernia 
, Colifornie 


Branch Offices — San Francisco 
PROFESSIONAL EQUIPMENT CO, — New 
Branch Office New 
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Also Model 503C Two Channel Anticoincidence Ana- 
for low level GM 


Other 


Also Model 409 Laboratory Monitor — a compact bench 
monitor, with 5% accuracy, for routine laboratory contam- 
ination monitoring and many other applications, Various 





Because scintillation counters offer the most efficient means of 


gamma counting, Nuclear-Chicago has developed specialized units for 
specific gamma determination methods. Models are available for 
laboratory or clinical counting with high efficiency. 


a Samples with activities of .0001 microcurie or greater. Choose Model 
DS-1 with Model 3036 for least cost and greatest versatility. 


a Samples with activities as low as .00001 microcurie. Choose Model 
DS -3, complete with well type scintillation crystal and shielding, for 
accurate measurement and maximum geometry. For sample volumes 
less than 2 m1, the instrument is insensitive to sample volume. 


3 Use fast (1.0 microsecond) Model 172 scaler for completely auto- 
matic counting. Includes built-in linear amplifier for proportional 
counting, plus preset count, preset time with built-in timer, and scale 

For clinical measurements selection from 8 to 128. Permits geiger, scintillation or proportional 


Model DS-1 mounts on a counting with suitable detector. 
flexible arm supplied as 
part of a complete count- Complete technical information on these and other models available on request. 


ong van. Delivery on most models from stock. 
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nuclear INSTRUMENT & CHEMICAL CORPORATION 
235 West Erie Street 7 Chicago 10, Illinois 


Also: New York, N. Y.— Los Angeles, Calif.—Silver Spring, Md. 
Earl Lipscomb Associates, Dallas and Houston 


Export Department: 13 East 40th St., New York 16, New York 
Cable Address: Arlab, New York 
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